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ABSTRACT

Black-box optimization aims to find the optima through building a model close to
the black-box objective function based on function value evaluation. However, in
many real-world tasks, such as the design of molecular formulas and mechanical
structures, it is perilous, costly, or even infeasible to evaluate the objective function
value of an actively sampled solution. In this situation, optimization can only
be conducted via utilizing offline historical data, which yields offline black-box
optimization. Different from the traditional goal that is to pursue the optimal
solution, this paper emphasizes that the goal of offline optimization is to stably
surpass the offline dataset during optimization procedure. Although benchmarks
called Design-Bench already exist in this emerging field, it can hardly evaluate the
stability of offline optimization and mainly provides real-world offline tasks and the
corresponding offline datasets. To this end, this paper proposes benchmarks named
SOO-Bench (i.e., Stable Offline Optimization Benchmarks) for offline black-box
optimization algorithms, so as to systematically evaluate the stability of surpassing
the offline dataset under different data distributions. Along with SOO-Bench, we
also propose a stability indicator to measure the degree of stability. Specifically,
SOO-Bench includes various real-world offline optimization tasks and offline
datasets under different data distributions, involving the fields of satellites, materials
science, structural mechanics, and automobile manufacturing. Empirically, baseline
and state-of-the-art algorithms are tested and analyzed on SOO-Bench. Hopefully,
SOO-Bench is expected to serve as a catalyst for the rapid developments of more
novel and stable offline optimization methods. The code is available at https
//github.com/zhuyiyi-123/S00-Bench.

1 INTRODUCTION

Black-box optimization (BBO) is widely used in scientific and engineering fields, for example,
hyper-parameter tuning (Snoek et al.| [2012). BBO only needs function evaluation and does not
require explicit function expression. To search for the optimal solution, a fundamental ingredient in
model-based BBO is constructing a surrogate model to approximate the black-box objective function
based on actively sampled solutions and their evaluated function values. However, in many real-world
tasks, such as exploring drug molecular structures (Gaulton et al.,2012) and designing hardware
mechanical structures (Yazdanbakhsh et al.|[2021; [Reagen et al. 2017), it is perilous, costly or even
infeasible to actively sample solutions and evaluate their objective function values. In these cases,
optimization can only be conducted via utilizing a limited number of offline historical data. That is to
say, optimization algorithms need to make full use of the offline dataset in hand to learn the surrogate
model and determine the good solution Jin et al.|(2021). This yields offline model-based black-box
optimization, abbreviated as offline optimization (Trabucco et al.} 2021} Tan et al., 2025)).
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A significant challenge in offline optimization is the narrow distribution of data within the offline
dataset (Trabucco et al.,|2021; Brookes et al., 2019} [Fannjiang & Listgarten, 2020; |Chen et al., 2022
2023;[Yu et al.} 20215 Q1 et al.;, 2022 |[Fu & Levinel 2021). In many real-world situations, we can only
use narrow data distributions for offline optimization due to data collection strategies. For instance,
when adjusting mechanical structure parameters, the offline dataset typically includes only the test
data that the experimenter already possesses. However, these test data may be influenced by the
subjective opinions of the experimenters and may not evenly cover the solution space.

Current research on offline optimization algorithms primarily focuses on finding the optima of a
black-box function (Trabucco et al., 2021} |Brookes et al.| 2019; [Fannjiang & Listgarten, [2020; (Chen
et al., |2022;2023; [Yu et al., |2021; |Q1 et al., 2022} |[Fu & Levinel |2021; |Yuan et al., [2023; [Zhu et al.,
2025). However, the surrogate model in offline optimization can be increasingly misled in the area
uncovered by the offline dataset due to the narrow distribution issue. It means that the surrogate
model could greatly overestimate the objective value of optima far from the offline dataset covered
regions (Trabucco et al., 2021} and results in degradation during the optimization procedure (Lu et al.|
2023). Under this observation, we point out that stability is equally important as optimality for a
comprehensive evaluation of offline algorithms. Herein, stability refers to the algorithm’s ability to
consistently surpass the offline dataset as much as possible during the optimization process without
being misled by the narrow data distribution. To the best of our knowledge, this paper is the first
work to highlight stability as one of the core objectives in offline black-box optimization and conduct
a systematically study of it. Moreover, in real-world scenarios, the degree of narrow distribution
varies and is difficult to be estimated beforehand. Therefore, assessing an algorithm’s stability and
optimality under different levels of narrow distributions is also crucial. Unfortunately, existing
benchmark for offline optimization, called Design-Bench (Irabucco et al.,[2022) have limitations
and inabilities in these aspects. The narrow distribution in Design-Bench is artificially constructed
and fixed, and there is no established indicator for evaluating the stability of offline optimization
algorithms. The field of offline optimization urgently requires a benchmark capable of comprehensive
algorithm evaluation in stability and optimality, so as to boost the developments of stable offline
optimization (SOO) approaches.

In response to the aforementioned demands, this paper further proposes benchmarks named SOO-
Bench to evaluate offline optimization algorithms’ stability and optimality. Specifically, SOO-Bench
provides (1) real-world offline optimization tasks including satellites, materials science, structural
mechanics and so on, (2) customizable narrow distribution levels to tailor the difficulty levels of
offline optimization datasets, (3) a novel stability indicator called Stability-Optimality indicator
(SO) to measure the stability and optimality of algorithms. Besides, SOO-Bench also introduces
the constrained offline optimization problems. Empirically, baseline and state-of-the-art (SOTA)
algorithms are tested and analyzed on SOO-Bench. By incorporating these features, SOO-Bench is
able to provide a more comprehensive evaluation of offline optimization algorithms. The codes of
SOO-Bench can be found at https://github.com/zhuyiyi-123/S0O0-Bench.

The subsequent sections respectively recap the related work, present the preliminaries, introduce the
proposed SOO-Bench, depict the tasks and datasets in benchmarks, show the empirical analysis, and
finally conclude the paper.

2 RELATED WORK

Although offline BBO has received widespread attention due to its application in real-world problems,
there is currently only one comprehensive benchmark suite in this emerging field. Specifically, a
benchmark platform called Design-Bench (Trabucco et al.| 2022), which is unfortunately no longer
maintained now, provides basic environments for offline optimization testing. It covers offline black-
box optimization tasks in multiple fields, such as neural architecture search (Zoph & Lel 2017), DNA
sequence design (A et al.l2016), drug discovery (Gaulton et al.,|2012), and robot design (Ahn et al.
2019; Brockman et al., 2016). Although Design-Bench was launched as the first comprehensive
benchmark suite, it only provides the basic interfaces for offline optimization, fails to analyze the
narrow distribution of offline datasets fully, and does not provide a corresponding test environment.
Besides, SDDObench (Zhong et al., [2024) evaluates streaming data-driven evolutionary algorithms,
focusing on the need for standardized test suites in dynamic optimization, which distinguishes it from
our approach. So, it is urgent to propose a new benchmark to address the aforementioned issues.
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Figure 1: The process of offline black-box optimization. The left sub-figure shows the process of
collecting offline data from a real black-box objective function. The right sub-figure shows the
process of an offline optimization algorithm finding satisfied solutions for online application.

In order to address the narrow distribution of offline datasets, various offline black-box optimization
algorithms are proposed to handle it. For example, COMs (Trabucco et al.,[2021) proposes a conser-
vative model to penalize the proxy function value far from the offline dataset solution. IOM (Q1 et al.}
2022) adds an inertial regularization term to force the optimized model to maintain similar represen-
tations under different data distributions, thereby alleviating the model’s performance degradation
on the data far from the offline dataset. CbAS (Brookes et al.| 2019) models the generative model
and uses a variational autoencoder (Kingma & Welling}, [2014) to build a model to find the optimal
solution in the trust region within an acceptable uncertainty region. CL-DDEA (Huang & Gong|
2022) introduces a contrastive learning model to enhance data-driven evolutionary algorithms by
focusing on pairwise comparisons rather than absolute fitness values, while CC-DDEA (Gong et al.,
2023) employs a hierarchical surrogate model and cooperative coevolution to address. Although
relevant algorithms are designed to address the narrow distribution of offline datasets and attempt to
find better solutions in areas near the offline datasets, there is currently no comprehensive benchmark
suite available to test these algorithms comprehensively.

3 OFFLINE BLACK-BOX OPTIMIZATION

3.1 PROBLEM STATEMENT

Let f: X — R be a black-box function, where X C R? is a d-dimensional solution space. In
black-box optimization, the target is to find an optimal solution «* that maximizes f, which can
be written as £* = argmax,c ycpra f(). f is called objective function and X’ is called solution
space. However, in the offline optimization scenario, direct interaction with the objective function
is not allowed, and optimization can only be performed by accessing a static offline dataset D =
{x;,y:} | containing N solutions and their objective values. As shown in Figure most offline

optimization methods use D to train a model fg(ac) to fit the objective function via supervised
learning: 0* + arg mingzl{il( fo(x;) — y;)?, where 0 represents the parameters of the model.

Subsequently, the solution @, for online optimization is found by the learned model fg* (). For
example, use gradient ascent iterated 7' times to find the optima of the surrogate model, i.e.,

2 — 2 4 Ve for (T)|pma, , t=1,2,.... T, (1)
where x,,, = x(T) is the solution output at the terminating condition set by a certain time step 7T for
the online application. Since the exact value of 7" at which the optimization should stop in practical
applications is unknown, and in order to avoid repeatedly adjusting the number of optimization steps
for different datasets, it is important that all offline black-box optimization algorithms are designed
to remain stable throughout the process. This stability ensures that the worst value of the online
evaluation remains relatively favorable during the optimization process.

An offline BBO method gradually learns the characteristics of the offline dataset by training a model
and then inferring the online objective function. Thus, even if the offline dataset contains only local
optimal solutions, the offline optimization algorithms can take advantage of the information within
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Figure 2: The illustrations of narrow data distribution issue consider and address in SOO-Bench and
the motivation of stability indicator.

the dataset, identify relations among variables, especially analyze the characteristics of these local
optima, and subsequently discover new solutions that surpass the best solution in the dataset.

3.2 NARROW DISTRIBUTION OF OFFLINE DATASETS

In offline BBO, the data distribution of offline datasets usually does not cover the entire solution space.
In real-world tasks, experimenters often obtain offline datasets through expensive real experiments.
For some reasons, such as experimenters’ subjectivity when constructing offline datasets—where
personal biases, preferences for certain parameter settings, or prior knowledge might lead to uneven
sampling—the data distribution of offline datasets cannot evenly cover all solution values in the entire
solution space. For example, as shown in the “Sample” of Figure[T] the black curve represents the
distribution of evaluation values of solutions uniformly sampled from the solution space, while the
blue curve represents the distribution of evaluation values of the offline dataset. It can be observed
that the solutions in the offline dataset mainly lie in a narrow region, which results in the out-of-
distribution (OOD) issue (Kumar & Levine, [2020; [Trabucco et al., 2021}, [Brookes et al., [2019; |Chen
et al}2023) studied in previous work. As a result, some areas of the solution space lack prior data
information, which causes the algorithm to be unable to model these areas accurately. This narrow
distribution of offline datasets presents the greatest challenge for offline optimization problems.

Therefore, when the offline BBO methods select a solution far from the offline dataset as the optimal
solution in the solution space, it must exercise extreme caution. Specifically, when providing the
optimal solution, the algorithm should consider the trade-off between attempting to find a better
solution to surpass the optima of the offline dataset and not moving too far away from the offline
dataset to ensure stability. Hence, the data distribution of the offline dataset directly determines the
difficulty level of the offline optimization stability. Controlling the distribution of the offline dataset is
particularly significant for comprehensively testing the stability of offline BBO algorithms.

4 THE PROPOSED SOO-BENCH

This section introduces SOO-Bench, a more comprehensive benchmark suite to evaluate the stability
of offline black-box optimization algorithms. Compared with previous work, SOO-Bench considers
the customized distribution of offline datasets, allowing it to construct offline optimization tasks
of different difficulties. SOO-Bench for the first time introduces the stability indicator, enabling
quantitative evaluation of algorithmic stability.

4.1 CUSTOMIZED NARROW DISTRIBUTIONS OF OFFLINE DATASETS

The core issue of offline optimization is that the data distribution of offline datasets is usually narrow.
The narrower the data distribution covers the entire objective function search space, the more difficult
the offline optimization is. To offer a benchmark suite for comprehensive algorithmic stability and
optimality performance evaluation, SOO-Bench provides offline optimization tasks with adjustable
difficulty, achieved by customizing the distribution of offline datasets.
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First, we provide a black-box ground-truth oracle objective function for each task. An initial dataset
is obtained by uniformly sampling and evaluating the objective function. Then, the initial dataset
is sorted by the value of the objective function to obtain its distribution, as shown in the curve in
Figure 2] (a). Finally, datasets of different difficulty levels are constructed based on this sorted initial
dataset. Specifically, the top-n% solutions by objective function value are removed to increase the
difficulty of finding high-quality solutions, and the bottom-m% solutions are removed to increase the
sparsity of the dataset. Through the above steps, an offline dataset with a narrow distribution in real
tasks is constructed by removing solutions, as illustrated in Figure 2] (a).

4.2 THE PROPOSED INDICATOR FOR MEASURING STABILITY

Another problem in offline BBO is the lack of indicators to evaluate algorithm stability, which
directly affects the performance of the optimal solution found by the algorithm. We point out that the
stability of an offline algorithm is reflected by its ability to continuously and stably optimize solutions
that exceed the best solution in the offline dataset throughout the entire optimization process. For
example, algorithms A and B can find solutions surpassing the offline dataset’s optimal solution, as
shown in Figure 2] (b). However, due to the poor stability of Algorithm 5, although it found a better
solution at the end of the optimization process, it failed to maintain this solution throughout the entire
optimization process. In reality, when an offline BBO algorithm provides an online solution, it is often
unclear which step of the optimization process should be considered. Therefore, the requirement
for the algorithm to maintain a stable and high-quality solution throughout the entire optimization
process becomes a critical factor affecting its effectiveness.

SOO-Bench first introduces the Stability-Optimality indicator (SO) to measure algorithmic stability.
Specifically, for a task with an offline optimal solution &) (i.e., the best solution in the offline
dataset), after T" optimization steps, the online evaluation value of the optimal solution provided by
the algorithm is denoted as f(x;), where t = 1,2,..., T, and SO is then defined as follows:

_2.0I(t) - SI(t)

50 = SI(t)+OI(t) ’ @
dOI(t) = 2 s1(t) = = 3)
an =5 =35

where S = ZtT:1 f(x;) represents the cumulative sum of the evaluation values curve, S; =
T - f(xypp) represents the product of the evaluation value of the optimal offline solution and total
optimization steps T', and Sy = T' - max; f(x;) represents the product of the evaluation value of the
optimal solution found by the algorithm and total optimization steps 7.

Intuitively, as shown in Figure 2] (b), the Optimality Indicator (OI) reflects the ratio of the area under
the algorithm’s evaluation curve to the area under the offline optimal solution curve, indicating the
algorithm’s optimality. On the other hand, the Stability Indicator (SI) represents the ratio of the area
under the algorithm’s evaluation curve to the area under the best solution found by the algorithm,
reflecting stability by measuring how closely the algorithm’s performance aligns with the ideal
solution. When evaluation values are stable and approach the optimal value, the SI value nears 1,
signaling better stability. Conversely, significant fluctuations or deviations from the optimal value
result in a lower SI. The OI value increases as the algorithm approaches the global optimum and
decreases when the algorithm’s performance is consistently below the optimal offline solution. Since
stability refers to the algorithm’s ability to consistently surpass the offline dataset as much as possible
during the optimization process, we must take both OI and SI into consideration. This results in the
proposed Stability-Optimality indicator (SO) to measure algorithmic stability, as shown in Eq. (2).

Sometimes, when we assign different weights to OI and SI, indicating our degree of preference of OI
and SI, it is expressed as

OI(t)-SI(t)
w(t) - SIt)+(1—w(t)) OI(t)’
where w € (0,1). If w = 0.5, SO,, degenerates to SO. If w > 0.5, the significance of OI is
greater. If w < 0.5, the significance of SI is greater. When w > 0.5, to improve SO,,, a desirable

offline optimization algorithm should prioritize the improvement of OI. This means that the offline
optimization algorithm should place more emphasis on the algorithm’s ability of optimality. When

SO, =

“
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Table 1: An overview of the tasks in the proposed SOO-Bench. SOO-Bench includes several tasks,
which are divided into four benchmarks. These tasks have discrete and continuous design spaces and
constrained and unconstrained situations to suit offline black-box optimization. Ny, indicates the
number of variables and N, means the number of constraints. The symbol “/” means that the global
optimal function value of the real-world black-box function is unknown.

Benchmarks | Tasks | Nvar  Neon  Optimum
gtopx 1 Cassini 1 6 4 4.9307
gtopx 2 Cassini 2 22 0 8.383
gtopx 3 Messenger (reduced) | 18 0 8.6299
gtopx 4 Messenger (full) 26 0 1.9579
GTOPX | giopx 5 GTOC 1 8§ 6 -1581950
gtopx 6 Rosetta 22 0 -1.3433
gtopx 7 Cassini 1-MINLP 10 4 3.5007
cec 1 Optimal operation 7 14 -4.52912
cec 2 Process flow 3 3 1.07654
CEC cec 3 Process synthesis 2 2 2
cec4 Three-bar 2 3 2.63896
cec S Welded beam 4 5 1.67022
protein 1 TF Bind 8 8 0 /
PROTEIN protein 2 TF Bind 10 10 0 /

w < 0.5, a desirable offline optimization algorithm should place more emphasis on the algorithm’s
ability of stability. In this work, we employ a linearly decreasing weight function, i.e., w(t) =
max(0,1 — %ﬂ) This setting of w(t) ensures that a desirable offline black-box optimization
algorithm should focus on improving optimality (i.e., OI) during the early steps of optimization
process, while in the later steps it should shift its priority to stability (i.e., SI). This procedure can
prevent the performance degradation caused by out-of-distribution issue. The setting of w(¢) can be
adjusted according to the user’s specific needs.

4.3 EXTENSIVE TASKS, DATASETS AND BASELINES FOR EVALUATING STABILITY

SOO-Bench provides an extensive real-world benchmark environment, and all task details are
introduced in Section[5] Besides, SOO-Bench reproduces a variety of baseline algorithms and tests
their performance through experiments, which are introduced in Section[f] We provide users with
more customizable APIs. In addition to controlling task difficulty by adjusting the distribution of
offline datasets, users can also create noisy offline datasets to test algorithm performance specifically.

5 TASKS AND DATASETS DESCRIPTION

This section presents the details of all tasks and datasets. An overview is shown in Table[I] Despite
the tasks vary a lot, we provide a unified API on our datasets. Each task in SOO-Bench provides
a ground-truth oracle objective function f(x). In addition to offering basic offline datasets, it also
includes an API for constructing offline datasets, allowing users to create datasets with different
difficulties. We provide a detailed description of the tasks in the four benchmarks in Appendix [A]
which is placed in the supplementary material. Our benchmarks and example implementations are
available at https://github.com/zhuyiyi—-123/S00-Bench.

GTOPX: Space Mission Optimization (Schlueter et al., [2021). This paper addresses a set of
real-world space mission trajectory problems (European Space Agency and Advanced Concepts
Team)| |2020), designed as numerical black-box optimization problems. The objective is to minimize
the total velocity variation during interplanetary space missions. Our benchmark consists of seven
GTOPX tasks. Satellite missions are particularly challenging, especially when the oracle evaluation
encounters an invalid value, which returns as NaN, we indicate it as the worst value in the offline
dataset. If the solution found by the offline optimization algorithm results in such a value, the true
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objective function value is poor, and the algorithm proves to be very unstable. The license for this
dataset is GNU General Public License.

CEC Task: Industrial and Design Optimization (Kumar et al.,[2020). We select five real-world
constrained problems, which are maximization tasks with constraints that are feasible when they
are greater than or equal to zero. Constrained tasks are crucial in real life. When normalizing or
denormalizing these tasks, the solutions found may exceed the variable boundaries. If some methods
are applied to set bounds, the solutions may be suboptimal. Even if the algorithm demonstrates good
stability, if the optimization results are poor, the overall outcome is still considered unsatisfactory. We
aim for the offline optimization algorithm to find high-quality solutions while maintaining stability
throughout the optimization process. The license for this dataset is CC-BY 4.0 License.

PROTEIN: DNA Sequence Optimization (Irabucco et al.,[2022). The variable space comprises
sequences of four categorical variables. The objective of the two tasks is to identify the optimal
8-nucleotide DNA sequence that exhibits the highest binding affinity to a specific transcription factor.
Discrete tasks play a crucial role in offline optimization. However, in these tasks, offline optimization
may identify non-existent molecules. The license for this dataset is MIT License.

6 EXPERIMENTS

To simulate a more realistic data distribution, we choose a dataset size that is 1000 times the variable
dimension. At the same time, to further simulate the narrow distribution, the missing m% near the
worst objective function value and the missing n% near the optimal objective function value are used
to ensure that the data volume is small and missing near the optimal value, as shown in Figure 2]
(a). In this paper, we select the middle 50% of the data (i.e., m% — n% = 50%) to construct a
simulated dataset as a reasonable baseline without leveraging any prior knowledge. Furthermore,
when constructing the constraint dataset, we set the ratio of satisfying constraints to not satisfying
constraints as 2 : 3. Given the high flexibility and customizability of the proposed benchmark,
users can modify the data volume, m%, n%, and constraint proportions as needed. Meanwhile, the
proposed benchmark can adjust both the data volume size and the distribution of solutions in the
offline dataset. For more details, please refer to our Github.

6.1 OFFLINE OPTIMIZATION ALGORITHMS

We test a range of baselines and SOTA offline optimization algorithms on each of task. Specifically,
we compare with two categories of algorithms: (1) those that address unconstrained problems,
including classic baselines: BO-qEI (Wilson et al., [2017), CMA-ES (Hansen, 2006), and Offline
BBO methods: autofocusing CbAS (Fannjiang & Listgarten, 2020), TTDDEA (Huang et al., 2021),
ARCOO (Lu et al.;2023)), Tri-mentoring (Chen et al.,[2023)), and (2) those that address constrained
problems, including CARCOO, CCOMs, DDEA-PF, DDEA-SPF (Huang & Wang, [2021a)). Since
classical methods lack specific methodologies for offline optimization problems, they cannot be
directly applied to such problems. Therefore, we introduce a guided training agent model to provide
optimization guidance through agent prediction, thereby indirectly solving the offline optimization
problem. In this section, we briefly discuss these algorithms and evaluate them in the next section.
Due to page limitation, the implementation codes links are listed in Appendix [B]

BO-qEI: Offline Bayesian optimization is performed to minimize a learned surrogate function

f(x) by training an ensemble of neural network models. Candidate solutions are generated with
a Gaussian Process model and labeled with values from f (x). We employ the quasi-expected
Improvement (qEI) acquisition function within the BoTorch framework (Balandat et al.,2019). CMA-
ES: We compute the value of learned surrogate function f () on the samples x;, which is obtained
from the distribution NV (p, 3;) at an iteration ¢. We then adapt the covariance matrix to refine
the belief distribution, repeating this process multiple times. Autofocusing CbAS: Autofocusing
CbAS learns a density model py(x) of « to approximate the data distribution, then gradually use
importance sampling to re-training f (x) under current distribution p;(x), and adapts it towards
the optimized solution. ARCOO: ARCOO constructs the surrogate model f (z) combined with
the energy model, which is used to characterize the risk of degradation. After construction, a risk
suppression factor is applied to control the risk. Tri-mentoring: This approach constructs three
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Table 2: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations are averaged over eight runs. f(x{pp) represents the optimal objective function value in
the offline dataset. FS (i.e., final score) refers to the function value found by an offline optimization
algorithm at ¢ = 50 during the optimization process, which consists of a total of 7' = 150 optimization
steps. In this case, 25% of the values are missing near the worst value and another 25% near the
optimal value.

GTOPX 2 GTOPX 3 GTOPX 4 GTOPX 6
S (@5rr) 1954421 15185206 215741 11211 503

ol S0

Metric ES
ARCOO | -68.68:011
BO 100671720
CBAS 1
CCDDEA | -
CMAES
TTDDEA | -2
Trimentoring | -

5 0.67=
109045505 0.99:00

Table 3: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value. Details are the same as TableEl

GTOPX 1 GTOPX 5 GTOPX 7
-75.14008 36341050 34652445

M 1 o1
CARCOO | -5 09720
DEPF
DESPF
PRIME

surrogate models and uses ranking supervision signals for mutual mentoring. After that, we can
use adaptive soft-labeling to learn more accurate labels. TTDDEA: By dividing the offline dataset
into three equal parts randomly, we build three surrogate models respectively. We select a high-
confidence pseudo-label to fill in each other’s datasets, then retrain the surrogate model, generate
offspring, and repeat this multiple times. CCDDEA: CCDDEA designs a hierarchical surrogate-joint
learning model to be able to guide the evolving population to search at different granularities and then
optimize at the global and local subspace levels in a cooperatively coordinated evolutionary manner.
CARCOO: This is a simple constrained version of ARCOO. We incorporate the degree of constraint
violation into the risk assessment and consider solutions that violate the constraints as high risk.
CCOMs: This is a reproduction version of the PRIME (Kumar et al.|[2022) method. Since we do
not find its codes, we simply implement PRIME according to the paper, that is, making the objective
function value that violates the constraint as bad as possible. DDEA-PF & DDEA-SPF: It combines
common constraint processing techniques with offline data-driven evolutionary algorithms to handle
constrained optimization problems. This is achieved by constructing proxy models for constraints
and objective functions, respectively, and using constraint processing techniques to process constraint
proxy models and objective proxy models.

6.2 RESULTS AND ANALYSIS

This scenario represents normal settings in real-world conditions where the maximum and minimum
values of the objective values are proportionally missing. We conduct a total of 7" = 150 optimization
steps. In the main experiment, we present results only at optimization steps ¢ = 50, with additional
results available in the Appendix [C] In the unconstrained optimization case, we have four tasks in
GTOPX. As shown in Table|2|, due to space limitations, we only present the table for n = 25% and
m = 75%, from which two key observations can be obtained.

o Baseline methods like BO-qEI and CMAES have shown the ability to compete with offline BBO
methods in terms of optimality and stability. This result is consistent with the results in the Design
Bench[ITrabucco et al.| (2022)).

e Existing offline BBO methods (e.g., ARCOO and Tri-mentoring) perform well across different
benchmarks and different distributions, such as gtopx 2 and gtopx 4 in table 2]

o TTDDEA and CCDDEA can perform well on different tasks, except for gtopx 2 and gtopx 3, and
even CCDDEA is the best algorithm on mujoco 2 task in Appendix [C| which is because the space of
gtopx 2 and 3 is more complicated.

In the constrained optimization case, we have three tasks in GTOPX. As shown in TableE[, we can
obtain two key observations:
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o Experimental results show that simply constructed offline BBO methods for handling constraint
problems are successful on both unconstrained and constrained tasks. However, we find that DE-PF
and DE-SPF perform poorly on satellite missions. Poor SO and OI values indicate that the algorithm
is prone to fall into infeasible solutions during the optimization process. This result suggests that
directly combining online constraint handling techniques with offline evolutionary methods may have
difficulty capturing features in complex tasks with sufficient accuracy.

e We find that simply modifying the previous unconstrained offline optimization method cannot
achieve good optimization results and stability on complex satellite missions, which shows that a
better optimization algorithm needs to be proposed.

In real-world applications, we not only pursue the optimal solution (such as the 100th percentile),
but may also choose the median (50th) or a worse solution (Oth percentile), especially when facing
uncertainty or limited resources. At this time, the stability of the optimization algorithm is particularly
important. Even if a worse solution is chosen, we hope that the algorithm can stably improve the
results and avoid the instability or risks caused by over-optimization. For example, in the drug design
task, we hope that even the worst solution is relatively good to avoid the drug from having a bad
effect on the human body.

In real-world scenarios, we often do not know the distribution of the dataset. We simulate this by
keeping the total missing proportion constant while varying n% and m%. Based on Appendix [C}
the optimization stability of BO-qEI gradually decreases as n% increases. In contrast, ARCOO
initially even shows some improvement but generally remains stable. Tri-mentoring performs best at
n = 20%, m = 30%, but its performance is subpar at other times. In unconstrained benchmarks, we
can obtain three observations:

o Classical baselines like BO-qEI, which originate from online optimization scenarios, are highly
sensitive to data missing in the optimal search region. In contrast, offline BBO methods are rela-
tively stable, demonstrating their advantage in different narrow distributions and validating their
effectiveness in real-world applications.

o After 150 steps of optimization, ARCOQO often achieves the best performance despite experiencing
some degradation. This can be attributed to ARCOQ’s use of a learned energy model to assess the
risk of generating solutions during the optimization process. By leveraging this risk to control the step
size during gradient ascent, ARCOO maintains a certain degree of stable performance improvement.

e we observed that while some algorithms exhibited strong stability, their performance tended to
degrade as the number of optimization steps increased (i.e., from 100 steps to 150 steps). This decline
can be attributed to these algorithms encountering OOD regions as the optimization progresses,
leading to poorer results.

o Although CCOMs are relatively stable in some cases, they often find poor solutions and stagnate,
indicated by sub-optimal optimization results. The reason may be that the constraints are too strict,
making the algorithm less inclined to explore outside the current solution space.

7 CONCLUSION AND DISCUSSION

This paper proposes SOO-Bench, a benchmark suite to promote stable offline black-box optimization.
SOO-Bench provides a variety of real offline optimization tasks. Considering that the narrow
distribution of offline datasets is a vital challenge of offline optimization, SOO-Bench provides APIs
that can customize the distribution of offline datasets to construct tasks with different difficulties,
thereby comprehensively testing the performance of algorithms. Notably, SOO-Bench emphasizes
the significance of stability of offline BBO and introduces an indicator called Stability Improvement
(SD) to quantify the stability. Finally, SOO-Bench reproduces offline optimization baselines and
conducts experiments to evaluate algorithmic stability and optimality.

There are still some limitations of SOO-Bench. First, the variety of tasks we provide is still not
rich enough, and there are many unexplored black-box optimization scenarios (e.g., robotic control).
Second, we emphasize that optimization stability is crucial in the offline optimization, and the
proposed indicator can trade off between the optimality of the output solution and the stability of
the optimization process. But we believe that other reasonable indicators still exist. The future work
will explore real-world scenarios by providing new datasets and tasks and investigate a range of data
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size percentages (i.e., different degrees about the missing m% near the worst value and the missing
n% near the optimal value) to conduct a more comprehensive analysis. Meanwhile, we will further
improve SOO-Bench, develop more realistic narrow distribution methods to simulate real offline
datasets, and propose a comprehensive evaluation system containing richer evaluation indicators.
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APPENDIX

This appendix is structured into four sections to improve understanding and facilitate the repro-
duction of our benchmark research. Task Description Section elaborates on the objective function,
constraints, and variables used in our study. The Experimental Details Section provides comprehen-
sive information on the methodologies, code implementations, and resource usage of all methods
compared. Experimental Results Section thoroughly discusses the research results and findings
in detail. Finally, the Hyperparameter Analysis Section itemizes the specific settings and config-
urations utilized in the experiments. Our benchmark and comparison algorithms are available at
https://github.com/zhuyiyi-123/S0O0-Bench.

A TASK DESCRIPTION

In this section, we detail task description in SOO-Bench. Specifically, we answer (1) what is the goal
and background of each task? (2) where are the tasks from? (3) what do the variables and constraints
in each task represent?

A.1 GTOPX: SPACE MISSION BENCHMARKS

For those interested in the task, more information can be found on the official website for
the benchmark. To access detailed descriptions, methodologies, and data related to the task,
please visit the following URL: http://www.midaco-solver.com/index.php/about/
benchmarks/gtopx. This page provides essential resources for understanding the scope and
requirements of the benchmark challenges.

A.1.1 GTOPX 1: CASSINI 1

The Cassini 1 benchmark simulates an interplanetary mission targeting Saturn, with the mission’s aim
being to enter a specific orbit around Saturn characterized by an intracentric radius of 108,950 km and
an eccentricity of 0.98. The primary goal of this benchmark is to minimize the total AV, or change in
velocity, required throughout the mission, which includes the launch and orbital insertion maneuvers.
This scenario utilizes six decision variables and incorporates four constraints that set maximum limits
on the proximity of the center during four flyby maneuvers. The variables’ descriptions of this task
include var; and vars.

A.1.2 GTOPX 2: CASSINI 2

The Cassini 2 benchmark, which models complex interplanetary missions to Saturn, including critical
maneuvers like the Deep Space Maneuver (DSM), presents a more challenging scenario than the
gtopx 1 benchmark. Unlike Cassini 1, which focuses on orbital insertion, the primary objective of
this benchmark is to achieve a rendezvous with Saturn, aiming to minimize the total AV required
throughout the mission. This benchmark involves handling 22 decision variables. The variables’
descriptions of this task include vary, varo, vars, vary, vars, varg, and vary.

A.1.3 GTOPX 3: MESSENGER (REDUCED)

The third benchmark, known as Messenger (reduced), is a simulation of interplanetary missions to
Mercury, excluding any resonant flybys of the planet. The main objective of this benchmark is to
minimize the total AV over the course of the mission. It involves 18 decision variables and the
explanation of the variables is given in Table 4]

A.1.4 GTOPX 4: MESSENGER (FULL)
The fourth benchmark, titled Messenger (full), models interplanetary missions to Mercury, incorporat-

ing resonant flybys of the planet. This benchmark aims to minimize the total AV incurred throughout
the mission. It features 26 decision variables, which includes all variables in Table []
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Table 4: Description of variables in GTOPX tasks (Schlueter et al.}[2021).

Variable Descriptions | gtopx 1 gtopx 2
vary Initial day measured from 1-Jan 2000 v v
vary Time interval between events (e.g. departure, fly-by, capture) v v
vars Initial excess hyperbolic speed (km/S) X v
vary Angles of excess velocity in a hyperbolic trajectory X v
vars Fraction of the time interval after which DSM occurs X v
varg Radius of flyby (in planet radii) X v
vary Orientation of the trajectory angle in the planet’s B-plane approach vector X v

A.1.5 cToPx 5: GTOCI1

The fifth benchmark, known as GTOC1, models a complex space mission involving multi-gravity
assists to asteroid TW229. The objective of this mission is to maximize the change in the semi-
major axis of the asteroid’s orbit. This benchmark incorporates 8 decision variables and includes 4
constraints that set limits on the proximity to the center during each of the four flyby maneuvers. The
variables description includes var; and vars.

A.1.6 GTOPX 6: ROSETTA

The sixth benchmark, named Rosetta, emulates multi-gravity-assisted space missions to Comet
67P/Churyumov-Gerasimenko, including the execution of a DSM. The primary objective of this
benchmark is to minimize the total AV required throughout the mission. It encompasses 22 decision
variables, and description of variables are shown in Table@

A.1.7 GTOPX 7: CASSINI1-MINLP

The last benchmark, cassinil-minLP, is a mixed integer extension of a Cassinil instance. While in
the original Cassinil instance, the order of planetary flybys was fixed as Venus-Venus-Earth-Jupiter,
Cassini1-MINLP treated all four flybys as discrete decision variables. Every planet in the solar system
(plus the dwarf planet Pluto) is a viable option to fly by any of the four planets. The benchmark
involves 12 decision variables and further considers four constraints. Descriptions of all variables are
in Table 4l

A.2 CEC TASK: INDUSTRIAL AND DESIGN PROBLEMS

For detailed information and access to the resources associated with the task,
please  visit the  provided  URL: https://github.com/P-N-Suganthan/
2020-RW-Constrained-Optimization, This link leads to the GitHub repository,
where you can find all the necessary files, including source code and documentation, to understand
and engage with the benchmark suite effectively.

A.2.1 CEC 1: OPTIMAL OPERATION OF ALKYLATION UNIT

The initial benchmark test is termed “Optimal Operation of Alkylation Unit”. This test focuses on
optimizing the octane number of the olefin feed in an acidic environment, with the main goal to
enhance the alkylating product. The benchmark involves 7 decision variables and incorporates 14
constraints, which are designed to limit onboard fuel and launcher performance. The problem can be
formulated as follows.
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Minimize:
f(@) = —(0.035z 26 + 1.71521 4+ 10.02z5 + 4.056525 — 0.063x5x5)
subject to:

g1(%) = 0.0059553571x32, 4 0.88392857x3 — 0.1175625x62, — 1 < 0,

92(Z) = 1.1088x1 + 0.1303533z1 26 — 0.0066033561,%% —x3 <0,

93(z) = 6.66173269%% — 56.596669x4 + 172.39878x5 — 10000 — 191.20592x¢ < 0
94(%) = 1.0870226 — 0.0376222 + 0.32175x4 + 56.85075 — 5 < 0,

g5(Z) = 0.006198z7x4x3 + 2462.31212925.1256342024 — 2324 < 0,

96(T) = 161.189962324 + 5000.0z024 — 489510.029 — 232427 < 0,

97(%) = 0.3327 + 44.333333 — 25 < 0,

9s(Z) = 0.022556z5 — 1.0 — 0.007595z7 < 0 5)
99(Z) = 0.00061z3 — 1.0 — 0.0005z1 < 0,

910(Z) = 0.819672x1 — 3 + 0.819672 < 0,

911 (%) = 24599.929250x024 — x324 < 0,

G12(%) = 1020408224275 + 1.2244898z524 — 1000005 < 0,

913() = 6.252 126 + 6.251 — 7.62525 — 100000 < 0,

g14(Z) = 1.2223 — xgx1 — 21 + 1.0 < 0.
with bounds:

1000 < z7 < 2000,0 < xo < 100,

2000 < 25 < 4000,0 < x4 < 100,

0 < x5 < 100,0 < 26 < 20,

0 < z7 <200.

A.2.2 CEC 2: PROCESS FLOW SHEETING PROBLEM

The second benchmark is characterized as a non-convex constrained optimization problem. This
benchmark incorporates three decision variables and is governed by three constraints. It is noted for
having an optimal objective function value of f(x) = 1.07654. The formulation of this problem can
be shown as follows.

Minimize:

F(Z) = —0.725 + 0.8+ 5(0.5 — 21)°
subject to:

q1(T) = —exp (z1 — 0.2) — x5 <0,
92(Z) = 22 + 1.123 < —1.0,

93(Z) =21 — 23 < 0.2,

Q)

with bounds:
2.22564 < x5 < —1,0.2 <27 < 1,23 € {0,1}.
A.2.3 CEC 3: PROCESS SYNTHESIS PROBLEM

The third benchmark, referred to as the Process Synthesis Problem, is defined as a non-convex
constrained optimization problem. This benchmark features two decision variables and is subject to
two constraints. It is recognized for achieving an best objective function value of f(x) = 2.0. The
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problem can be defined as follows.

Minimize:

f(@) =29 + 221

subject to:

g1(Z) = —2% — 29+ 1.25 <0,
92(T) = x1 + 22 < 1.6.

with bounds:

0<z; <16,

T2 € {0, 1} .

(N

A.2.4 CEC 4: THREE-BAR TRUSS DESIGN PROBLEM

The fourth benchmark, known as the Three-bar Truss Design Problem, originates from the field of
civil engineering and involves a complex constrainted setup. The primary objective of this problem is
to reduce the weight of the truss structure. The constraints are based on the stress limits for each bar,
leading to a problem characterized by a linear objective function, two decision variables, and three
nonlinear constraints. This benchmark’s optimal objective function value is f(z) = 2.63896. The
problem can be defined as below.

Minimize:
subject to:
_ T2
r)=————P—-0<0,
9.(7) 22921 + V227 -
_ T + V21
xr) = 713 —oc < 07
#(7) 2z9w1 + V227 - ®)
1
g3(x) = ——P — o0 <0.
(%) x1 + V21
where,

[=100,P=2,and 0 = 2.
with bounds:
0 S T1,T2 S 1.

A.2.5 CEC5: WELDED BEAM DESIGN

The fifth benchmark, known as the Welded Beam Design, primarily aims to minimize the cost of
constructing welded beams. This engineering challenge is defined by four variables and five con-
straints, which guide the development of the beam. The most acclaimed outcome of this benchmark
is recorded with an best objective function value of f(x) = 1.67022. The description of this problem
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is shown below.
Minimize:
f(Z) = 0.04811z324 (xo + 14) + 1.10471222,
subject to:
91(%) = z1 — x4 <0,
92() = 6(Z) — Omax <0,

93(@ P < Pu(z),

94(%) = Tmax > 7(7),

( ) ( ) O'maxSO~
where,

T2 RM P

— 12 4o gh2 4 ol 2 //:7’/:7,

T \/T T T T R T 7 T \/§x21’1
x

M:p(?2 +L), ©)

5 2 2 2
R\/CZQ+<$1+2W)> ,J2<<€f+<x1;x3> )x/iscm),

. _ 6PL 6PL3 . 4.013Ez323 22 [ E
U(I)_W,’é(x)_Ex%)Q’PC(I)_6L234<13\/;>

L = 14in, P = 6000lb, E = 30.10°psi, omax = 30, 000psi, Tmax = 13, 600psi,
G = 12.10°psi, dpmax = 0.25in

with bounds:

0.1 <x3,29 <10

0.1 <z4<2

0.125 < 27 < 2.

A.3 PROTEIN: DNA SEQUENCE OPTIMIZATION

The tasks TF Bind 8 and TF Bind 10 explore the affinity of various DNA sequences for several
human transcription factors. In our study, we specifically target the transcription factor SIX6
REF R1, with the aim to design an nucleotide sequence that exhibits high binding affinity to
this factor. The datasets for TF Bind 8 and TF Bind 10 encompass all possible combinations
of nucleotides for sequences of lengths 8 and 10, respectively, offering a comprehensive basis for
assessing sequence effectiveness. You can access the data and code by visiting the URL |https::
//github.com/brandontrabucco/design—-bench.

B EXPERIMENTAL DETAILS

In this section, we provide further details about the experiments, including the URL for the code of
the comparison algorithms, and the computational resources used.

B.1 METHODS

This section introduces approaches for offline optimization. To establish a baseline for future
comparisons, we benchmark several recent offline MBO algorithms across our tasks. Existing methods
fall into three main categories: forward, generative, and evolutionary methods. Forward methods
focus on training robust surrogate models to combat adversarial optimization of inputs, followed
by gradient-based maximization. Generative methods sample solutions from learned generative
models with regularization. Evolutionary methods use neural networks and other techniques to learn
proxy models, which are then solved using evolutionary algorithms. In addition, we also introduce
traditional black box optimization methods for comparison. For evaluation, we consider three key
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components of offline optimization: model architecture, learning algorithm, and search algorithm, as
outlined below.

B.1.1 TRADITIONAL BLACK BOX OPTIMIZATION METHODS

BO-qEI Balandat et al.| (2019): We perform offline Bayesian optimization by fitting a Gaussian
Process using a learned surrogate model f (). Next, we employ the quasi-Expected Improvement ac-
quisition function to propose candidate solutions for efficiency. After the Bayesian optimization cycle
is completed, we select the best candidates « from the dataset D. The procedure of BO-qEI is shown in
Algorithm[I} We use the implementation fromhttps://github.com/brandontrabucco/
design—-baselines/tree/master/design_baselines/bo_geil

CMA-ES [Hansen| (2006): We perform offline optimization using the Covariance Matrix Adap-
tation Evolution Strategy (CMA-ES), which adapts the covariance matrix of a multivariate
normal distribution to guide the search. At each iteration, candidate solutions are sampled
from the distribution, and the distribution parameters are updated based on selected high-
performing solutions. After completing the optimization cycle, we select the best candidates
x from the dataset D. The procedure of CMA-ES is shown in Algorithm 1. We use the
implementation from https://github.com/brandontrabucco/design-baselines/
tree/master/design_baselines/cbas.

B.1.2 FORWARD METHODS

ARCOO [Lu et al.|(2023): ARCOO learns both a surrogate model and an energy-based model,
which characterizes the risk of degradation to address the out-of-distribution issue. The optimizer
at each step is regulated by a risk suppression factor derived from the energy-based model. The
procedure is outlined in Algorithm 3] The implementation can be found athttps://github.
com/luhuakang/ARCOO.

Tri-mentoring (Chen et al.| (2023): Tri-mentoring trains three surrogate models on the offline
dataset and utilizes majority voting to generate consensus labels. To mitigate potential errors in
the consensus, an adaptive soft-labeling module is applied. The complete algorithm is presented
in Algorithm @] The implementation can be found athhttps://github.com/GGchen1997/
parallel _mentoring.

B.1.3 GENERATIVE METHODS

Autofocusing CbAS [Brookes et al.| (2019): The Autofocusing CbAS iteratively updates a search
model for optimal design by focusing on high-quality solutions. It employs importance sam-
pling to weight samples based on their likelihood of meeting desired conditions, allowing for
targeted optimization. Using weighted Maximum Likelihood Estimation (MLE), the search
model is refined, while an oracle model is retrained to adaptively reduce bias as the design
space is explored. The procedure of Autofocusing CbAS is shown in Algorithm 5] We use the
implementation from https://github.com/brandontrabucco/design-baselines/
tree/master/design_baselines/autofocused_cbas.

Algorithm 1 Offline Bayesian Optimization Trabucco et al.[(2022)

1: Train a surrogate model f based on offline dataset D.

2: Select the top 1% initial designs D = (X, y;) from the offline dataset D.

3: fort=1..K do

4:  Find x; by optimizing the quasi-Expected-Improvemnt acquation function over the Gaussian
Process: @; = arg max, u(a | 251:25,1).

5:  Sample the Surrogate function: y; = f(x;).

6:  Augment the data 151:,5 = {151;25,17 (z¢,y:)} and update the Gaussian Process.
7: end for
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Algorithm 2 Covariance Matrix Adaptation Evolution Strategy (CMA-ES) |[Hansen| (20006)

1: Initialize mean my, step size o, population size ), initial covariance matrix Cy = I
2: Set learning rates for mean (i), covariance matrix (), and step size adaptation (3)
3: for each generationt = 0,1,2,... do

4:  Sample A candidate solutions :cgt) ~ N (my,02Cy) fori=1,...,\

Evaluate fitness f (mgt)) for each candidate mff)

Select the top 1 candidates with the best fitness values
Update mean m,; as the weighted average of the top ¢ candidates:

w
_ (1)
My = wiT,
i=1

A A

8:  Update covariance matrix C}. to adapt the search distribution:
£ t t T
Ct+1 = (]_ — O[)Ct + aZwi (wz( ) _ mt) (;‘1}5) — mt>
i=1

9:  Update step size 041 based on the success rate of candidate solutions:

10:  Update evolution path p, for step size adaptation
11: end for
12: return Best solutions found during the optimization process

B.1.4 EVOLUTIONARY METHODS

TTDDEA Huang et al.|(2021): TTDDEA is an offline optimization method that combines tri-training
with evolutionary algorithms. It uses three Radial Basis Function Networks (RBFNs) as surrogate
models to predict fitness scores and generates high-confidence pseudo-labels to augment limited
training data. By applying an evolutionary optimization process, TT-DDEA iteratively updates these
surrogate models and selects high-performing candidate solutions for the next generation. This
approach leverages semi-supervised learning and multi-model ensembles to address data scarcity in
offline environments. The algorithm can be seen in Algorithm[6] We use the implementation from
https://github.com/HandingWangXDGroup/TT-DDEA.

CCDDEA |Gong et al.|(2023)): CCDDEA combines hierarchical surrogate models with cooperative
coevolution to solve large-scale optimization problems. It uses a global model (HM) and local
models (LMs) to guide search at different levels. Local searches are enhanced with gradient-based
and evolutionary operators, while global communication merges sub-populations. The dynamic
space division strategy improves convergence by shifting focus from local to global optimization.
The procedure of CCDDEA is shown in Algorithm. The implementation can be found in|https:
//github.com/LabGong/cc—ddea.

B.1.5 CONSTRAINED METHODS

We select two primary categories of offline constraint algorithms: deep learning-based constrained
offline methods and evolution-based constrained offline methods. For our experiments, we utilize
classic methods from both categories.

CARCOO: This is a simplified constrained version of ARCOO. We integrate the degree of constraint
violation into risk assessment, treating solutions that violate constraints as high risk. CARCOO
employs the three models (i.e., a surrogate model, an energy-based model to characterize OOD risk,
an energy-based model to characterize constrained risk) to train the models on a training dataset. The
algorithm can be found in Algorithm 8]
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Algorithm 3 Accumulative Risk Controlled Offline Optimization (ARCOO) |Lu et al.| (2023))

Input:Offline dataset D, learning rate 1, maximum Langevin dynamics step K, Langevin dynamics
stepsize A, and initial momentum m.

1: Initialize dual-head model that consists of surrogate head fy(z) and energy head Ey ().
2: for each training epoch do
3:  Update fy(x) using MSE loss:

0+ 0 —nVeLlp(9)

4:  Sample high-risk distribution g(«) by Langevin dynamics: ¢(x) = LDy(p(x); K), i.e.,
$k<—wk,1+)\vwf9(wk71)+(a£)k, kzlu"'7K7

where wy, ~ N (0, A), and &y ~ p(x). Sampling starts from the low-risk empirical distribution
p(x) over the offline dataset.
5:  Update E4(x) using contrastive divergence loss:

¢ ¢ =1V [KL(p(@)| hg(2)) — KL(g(2)[|hy(2))]

where h,, is derived from Ey(x).
6: end for _
7: Let P be an empirical distribution over a batch of the high-quality solutions in D, and Q =
LD() (P, K)
8: Calculate the risk suppression factor:

Ry(x) = m(Eg — Ey(x))(Eg — Ep) ™.

9: fort =1toT do .

10: Ty < Ty—1 + R¢(wt_1)wa9(wt_1).

11: end for

12: return Final solution x,,, = @7 for online application.

Algorithm 4 Tri-mentoring for Offline Model-based Optimization [Chen et al.|(2023)
Imput: The static dataset D, the number of iterations 7, the optimizer OPT().

1: Initialize z as the design with the highest score in D.
2: Train proxies f2'(-), f2(-), and f§(-) on D with different initializations.
3: fort <~ 0toT — 1do

4:  Sample K neighborhood points at x; as S(x;).

5. Compute pairwise comparison labels ¢, 77, and §¢ for the three proxies on S(x;).
6:  Derive consensus labels: " = majority_voting(74, 92, 9¢).

7 for proxy in {f11(-), f7 (), € ()} do

8: Initialize soft-labels as consensus labels: §° = ¢V'.

9: Inner level: fine-tune the proxy with Eq. (8).

10: Outer level: learn more accurate soft-labels §° with Eq. (9).
11: Mentor proxy using the optimized soft-labels ° with Eq. (8).
12:  end for

13:  Form a more robust ensemble as fy(z) = 1 (f3'(x) + f&(z) + f§ (x)).
14:  Gradient ascent: ;1 = @ + nOPT(V fo(xy)).

15: end for

16: return The high-scoring designs ©* = x.

DDEA-PF & DDEA-SPF Huang & Wang| (2021b): DDEA-PF and DDEA-SPF are two data-driven
evolutionary algorithms for handling constraints in optimization tasks. DDEA-PF employs penalty
functions to manage constraints, adjusting the penalty to push solutions towards feasibility. On the

. . (33, max[0,g; ()]9)
other hand, DDEA-SPF focuses on adaptive penalty, i.e., fitness(z) = f(x) + r;~== = .

Imax,j
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Algorithm 5 Autofocused Model-based Optimization (Autofocusing CbAS) Brookes et al.| (2019)

Input: Offline dataset, D = {(x;, y;) }7"_;; oracle model class, pg(y | ) with parameters, /3, that
can be estimated with MLE; search model class, pg(2) with parameters, 6, that can be estimated
with weighted MLE or approximations thereof; desired constraint set, S (e.g., S = {y | v > vy-});
maximum number of iterations, 7'; number of samples to generate m; EDA-specific monotonic
transformation, V'(-). Initialization: Obtain py () by fitting to {x;}?_; with the search model class.
For the search model, set py(gy(x) < po(x). For the oracle, pg(o (y | ), use MLE with equally
weighted training data.

1: fort=1,...,7 do

2:  Sample from the current search model, {:igt)}{”z'l ~ po—1)(x), Vi € {1,...,m}.

3 v eV (Pg(t_l)(y eS| 5:5“))  Vie{l,...,m).

4:  Fit the updated search model, py (s (), using weighted MLE with the samples, {a: M., and
their corresponding EDA weights, {v;}1 .

5.  Compute importance weights for the training data, w; < pgs) (%) /pocoy (i), i =1,...,n

6:  Retrain the oracle using the re-weighted training data,

B(t) + argmax sz log ps(y; | x;).

end for
8: return The most promising candidates among {aél(.t), s :Tcg,i)}tT:l.

~

Algorithm 6 Tri-Training Data-Driven Evolutionary Algorithm (TTDDEA) Huang et al.[{(2021)

Input: Separate offline data sets L1, Lo, and Ls, trained RBFNs M;, M5, and M3, current population
P, population size Q.
1: fori =1— 3do
2:  Use the models M;, My, M3 to predict the fitness of population, written as f1, f3,. .., fé,
f127f227'"7f%’andf§7f§)7"'7f%'
end for
fori=1— 3do
Find the high-confidence data x; as in Equation (9).
Calculate its pseudo label ¢; as in Equation (10).
Update L; to L, by (x;, §;) as in Equation (11).
end for
Train RBFNs My, Ms, and M3 with LY, L), and Lj.
Use the evolutionary algorithms to obtain promising candidates.
return The most promising candidates found by the evolutionary algorithms.

TeYRIAIUNR®

—_—

DDEA-PF is presented in Algorithm[0] The implementation is from https://github.com/
HandingWangXDGroup/Constraint—Handling-OfflineDDEA.

CCOMs: This is a simple experimental version of PRIME (Kumar et al., [2022). We use §* =
arg ming Eg, y; ~Draoe [( fo(x:) —yi )2] - ozEm N [fo (z;)]. This means that in addition

to fitting the surrogate model, we also make the values of points that violate the constraints as small
as possible. Then use the conservative model COMs (Irabucco et al.| [2021]) as surrogate model to
train. Pseudocode can be found at Algorithm [I0]

B.2 COMPUTATION RESOURCES

The computing resources required for the research described in this paper are relatively modest,
requiring only a single Nvidia GeForce RTX 3090 GPU. The experiments were efficiently completed
using this powerful graphics card, almost all within a 24-hour timeframe.
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Algorithm 7 Offline Data-Driven Optimization at Scale: A Cooperative Coevolutionary Approach
(CCDDEA) [Gong et al.|(2023)

1: Input: D: The offline data;
n: The size of complete population;
Ty, Tr,: The maximum generations of higher-level and lower-level optimization;
ginit: The initial number of groups;
T,: The interval for updating the number of groups;
T,: The interval for re-dividing the sub-spaces;
a: The learning rate of gradient descent;
Twp: The control parameter for top-ranked random merging in the cooperative search;
2: Output: The best solution
3: Imitialization: ¢,. < O (index of 77.), g < Ginit
4: P < Latin hypercube sampling
5: fori < 1toTy do

6: ifi>1landimod T, =1andg > 1then
7: g—g—1

8 i, 0

9: endif

10:  if 7. mod T, = 0 and g > 1 then

11: G <« division rules

12: (HM, LM;) <+ HSJL(D, G)

13:  end if

14:  SP <« split P according to G
15:  for SP; € SP do

16: SP; < LowerLevelSearch(SP;, T, o, LM})
17:  end for

18:  if g > 1 then

19: P < HigherLevelSearch(SP, rop, HM, LM s)
20:  end if

21 i+ 1

22: end for

23: return P[0]

C EXPERIMENTAL RESULTS

Here, we present detailed results across various tasks. For each task, we evaluate 128 solutions at the
100th percentiles. In this paper, we define our areas (i.e., S, S1, S2) as the region formed by doubling
the distance between solutions (i.e., the optimal algorithm for each step in the optimization process
is in 100y,.S, the optimal offline solution in S;, and the optimal solution found by the algorithm in
S5) and algorithm’s optimal solution and relative to the offline optimal solution, as shown in Eq. ().
Additionally, we assess the algorithms’ robustness by providing results at the 50th and Oth percentiles.
Among the various algorithms, ARCOO, CMAES, and Trimentoring emerge as the top performers.
However, most algorithms experience a decline in performance as the number of optimization steps
increases from 100 to 150. This highlights the necessity for further advancements in the stability of
offline black-box optimization methods, particularly for addressing these challenging tasks.

Due to the significant computational cost associated with the CMAES algorithm, which requires
more than 24 hours to complete, this paper focuses on reporting the results after only 50 optimization
steps.

The experimental results in the unconstrained scenario show that ARCOO and CMA-ES algorithms
are the most balanced and stable on various benchmark functions, demonstrating high performance
and stability. Although CCDDEA performs well in some cases, the stability of the results is poor.
This may be because previous offline evolutionary algorithms did not consider the problem of
out-of-distribution generalization.

Since CbAS is a generative model that samples the design space and optimizes based on the con-
ditional distribution of the target attribute, the final result is primarily determined by the model’s
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Algorithm 8 Constrained Accumulative Risk Controlled Offline Optimization (CARCOQ)

Input:Offline dataset D, learning rate 1, maximum Langevin dynamics step K, Langevin dynamics
stepsize A, and initial momentum m.

1: Initialize dual-head model that consists of surrogate head fy(z) and energy head Ey ().
2: for each training epoch do

3:  Update fy(x) using MSE loss:
0+ 0 —nVeLlp(9)

4:  Sample high-risk distribution g(«) by Langevin dynamics: ¢(x) = LDy(p(x); K), i.e.,
$k<—wk,1+)\vwf9(wk71)+w%, kzlu"'7K7

where wy, ~ N (0, A), and &y ~ p(x). Sampling starts from the low-risk empirical distribution
p(x) over the offline dataset.
5:  Update E4(x) using contrastive divergence loss:

¢ ¢ =1V [KL(p(@)| hg(2)) — KL(g(2)[|hy(2))]
where h,, is derived from Ey(x).
6:  Update E,(x) using contrastive divergence loss:

7 7= Vs [KLG(@) e () — KL(G() [ 2)]

where /. is derived from Ey(x), p(z) is solutions that satisfy the constraints in the dataset,
G(z) is solutions in the dataset that do not satisfy the constraints
7: end for ~
8: Let P be an empirical distribution over a batch of the high-quality solutions in D, and Q =
LDy(P; K).
9: Calculate the risk suppression factor:

Ry(x) = m(Eg — Eg(x))(Eg — Ep)~".
R (@) = m(Eg — E:(2))(Eg — Ep) ™.
10: fortzltonoR R R
11: Ty < Ty + ( “mtil); T(wtil))vwfe(wtfl)

12: end for
13: return Final solution &,,, = @7 for online application.

conditional distribution and the adaptive sampling strategy, rather than the step size. When the
seed is fixed, the result is derived from the conditional distribution regardless of the size of the
optimization step, leading to consistent outcomes. Furthermore, due to the inherent complexity of
satellite missions, the VAE model struggles to effectively learn the prior distribution, preventing it
from surpassing the offline optimal.

The experimental results in the constraint scenario show that the DE-PF and DE-SFP algorithms
do not perform well on various benchmark functions. In addition, the performance of DE-PF and
DE-SFP on multiple benchmark functions is almost the same, showing consistent performance.
The performance of the CCOMS algorithm fluctuates greatly in different dimensions and functions.
Overall, the CARCOQO algorithm has good performance and stability when dealing with constrained
optimization problems, providing an important reference for subsequent algorithm optimization.
However, CARCOO and CCOMs often fail to find a suitable feasible solution due to the small number
of data points and insufficient neural network training.
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D HYPERPARAMETER ANALYSIS

We outline guidelines for hyperparameter selection for methods evaluated in the benchmark. These
principles help in offline tuning for new tasks. Begin by identifying essential hyperparameters, like
learning rate and batch size, and select a tuning method such as Grid Search or Random Search. We
run experiments to find the satisfied hyperparameter configurations with performance metrics like
accuracy and F1 score.

D.1 HYPERPARAMETERS OF BO-QEI

The primary tunable components of Bayesian optimization include the objective function and the
parameters within the optimization loop. The objective function is commonly optimized with a
maximum likelihood method, allowing validation log-likelihood or regression error to be tracked
directly. Training continues until the validation loss is minimized, ensuring good generalization
beyond the training dataset. This tuning method is fully offline since it exclusively uses a static task
dataset. In this study, we employ a Gaussian Process model combined with the quasi-Monte Carlo
Expected Improvement acquisition function. For an in-depth understanding of various Bayesian
optimization strategies and their associated hyperparameters, detailed information can be found in
the BoTorch documentation at https://botorch.org/docs/overview.

D.2 HYPERPARAMETERS OF CMA-ES

The primary configurable elements of Covariance Matrix Adaptation (CMA) techniques include the
trained objective function and the evolution strategy parameters. Typically, the objective function
is trained using a maximum likelihood approach to ensure optimal performance. For further details
and comprehensive information, refer to the open-source CMA-ES implementation and its extensive
documentation available athttps://github.com/CMA-ES/pycmal In this research, we adopt
the default settings for CMA-ES provided by this implementation, with the parameter o set to 0.5.

D.3 HYPERPARAMETERS OF AUTOFOCUSING CBAS

Autofocusing CbAS has one main tunable components. It involves verifying the performance index,
which plays a crucial role in generating the generalization capability of the learning model. By
ensuring that the performance index stays above a certain positive threshold, we can ascertain that
the algorithm is well-tuned and performing optimally. In this paper, we have set this threshold to
0.9. This careful selection helps maintain the reliability and effectiveness of the autofocusing CbAS
approach.

Algorithm 9 Data-Driven Evolutionary Optimization with Penalty Function (DDEA-PF) [Huang &
‘Wang| (2021b)

1: Initialize population P with size Q)

2: Set the degree of violation of the jth constraint g, (x), penalty coefficient r;.

3: for each generation T do

4:  for each individual z in P do

5 Evaluate fitness using the objective function with a penalty for constraint violation:

M
fitness(z) = f(a) +r;()_ max[0, g;(x)]")

j=1
6: end for
7. Perform selection, crossover, and mutation in population P to find best feasible solutions.
8: end for
9: return Best feasible solutions * = x .
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Algorithm 10 Constrained Conservative Objective Models for Offline Optimization (CCOMs)
Input: Offline dataset D, the learning rate of OOD gradient ascent 7, trade-off coefficient .
Initialization: Surrogate model fy.

1: for ¢ = 1 to training_steps do
2:  Sample (xo,y) ~ D

;ou(x) =

LT=T¢

3:  Find @p(xo) via gradient ascent from @o: @11 = @ + nVafo(x)
Zmo €D 6m:mT(mo)
4:  Minimize £(6; ) with respect to 6.
. 2 . 5 -
£(6;0) = Eagp (fol@o) = y) —Fay [fo(@0)|+0Buw) [fo(@)] ~Ea-rny, [fo (7))

00— A\VoL(0; )

5: end for
6: Initialize optimizer at the optimum in D:

7: Find a* via trust-region gradient ascent from &:

Ti4+1 = T + nvmﬁopl(m)

r=x+

where Lop () := fg(a:)
8: Return the solution £* = x7.

D.4 HYPERPARAMETERS OF ARCOO

The Accumulative Risk Controlled Offline Optimization (ARCOO) method has two hyperparameters:
accumulative risk control and Langevin dynamics steps. The former represents the level of total
risk tolerance, with an initial momentum set at 0.2, reflecting a moderate risk tolerance. The latter
involves sampling by 64 steps of Langevin dynamics, determining the distance between high-risk
solutions and observed solutions.

D.5 HYPERPARAMETERS OF TRI-MENTORING

We tuned two critical hyperparameters: the number of neighborhood samples and the number of
optimization steps. Due to the algorithm’s robustness to the number of neighborhood samples, we set
this parameter to 10. To maintain consistency, we standardized the number of optimization steps to
100 across all experiments.

D.6 HYPERPARAMETERS OF TTDDEA

In this evolutionary offline optimization task, we retained the original hyperparameters because
they were carefully tuned for mutation rate, crossover probability, and selection pressure. These
settings ensure a balanced exploration and exploitation process, preventing premature convergence
and maintaining a diverse solution population. Keeping them unchanged guarantees the algorithm’s
robustness and reliable performance.

D.7 HYPERPARAMETERS OF CARCOO

The hyperparameters in the constrained ARCOO (CARCOO) method need to be consistent with the
original ARCOO settings. Therefore, we have configured them to exactly match the hyperparameters
used in the original ARCOO method.
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D.8 HYPERPARAMETERS OF CCOMS

Constrainted conservative objective models have four main tunable parameters. The first parameter is
the degree to which the objective model is allowed to overestimate the objective value for off-manifold
designs, set to 2 to ensure a conservative approach. The second parameter is the number of gradient
ascent steps, chosen to be 100, balancing optimization efficiency and computational effort. The third
parameter is the learning rate, set to 2v/d, where d is the dimension of the design space, ensuring
step sizes are appropriately scaled to the problem’s complexity. The final parameter is the constraint
trade-off coefficient, set to 1, ensuring an equal emphasis on optimizing the objective and satisfying
the constraints. These parameters are crucial for fine-tuning the model’s performance within the
desired constraints.

D.9 HYPERPARAMETERS OF DE-PF & DE-SPF

This hyperparameter is identical to the one used in TTDDEA, maintaining consistency with the origi-
nal paper. However, due to the algorithm’s suboptimal performance in handling out-of-distribution
(OOD) problems, we have adjusted the number of iterations to 50 in this study. This modification
aims to improve the algorithm’s efficiency and effectiveness in addressing the specific challenges
posed by OOD scenarios.

Table 5: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations are averaged over eight runs. f(z{&pg) represents the optimal objective function value in
the offline dataset. FS (i.e., final score) refers to the function value found by an offline optimization
algorithm at the final step of specific optimization steps (i.e., ¢ = 50, 100, 150). The symbol "-*
means that the algorithm cannot complete the corresponding task within 24 hours. In this case, 0% of
the values are missing near the worst value and another 50% near the optimal value.

Steps | t =50 | | t =150
Task ‘
J(@orr)
Metric S0 s0,, S0 50,
ARCOO 1302000 11800 1310 0.98:001
BO 123500 L1Lsom 1.23:0m 0.93:00
CBAS 100200 1002000 1.0020m 1.0020m
CCDDEA 0175146 01551 22w 16700
CMAES ! - 5 - , - -
TTDDEA | -30170eass 07520 7 251942 m20 Ldlzon 094026 085502 | 236055157 0935025 0.70:019
Trimentoring -53.5 : 0992000 00 -54.6317.10 0.99100m 1.985001 1.32:0m 1.1950m -56.43 1658 0.99:0m 1.325001 0.99:0m
Task GTOPX 3
J(®@ber) -336.15 202
ARCOO 0.962003 1.27 004 -66.60+2491 0.95:00 1.27 2005 1154004 -82.56. 44507 0.95:00 1.26:£006 0.95:00
BO 094200 1252001 5805su 094s00 125200 11300 -60.00= 09400 12500 094100
CBAS 100200 33605205 1.00s0m 100200 1.00:00 | -336.15 1.00:000 1.00:000
CCDDEA 28,8058 4405550725 1418 -18.90:03  -17.0 507.18. 1244000 9365
CMAES 5 130z000 - - - - - p .
TTDDEA | -9.05e4 5215 -38.T4smm TALISsions - 98821420 - 1.25¢652070  -1.74€3sasies -3 232e3sumes -1753sam0
Trimentoring | 41935560 131200 2 09900 131500 4202500 0.99:0m 13150m 0.99:001
Task GTOPX 4
f(@orr) 496.56:501
ARCOO | -130.02:va1 094500 125200 11320 12420 094500
BO -123.061908 0.94. 1.25200m 1.1 1.25001 0.941001
CBAS 496565501 10K -496.5 1.00:0m 1.00. 1002000 1.00:0m 0= 1.00:0m 1.00:0m
CCDDEA | 81935170 37650 SLlleTiang  -1.05e3siose 20930 -140e3izson  -1.26e350 399e3suisa  2.66e3uss 2.00e3sam
CMAES | -109.97= 09 - - - = - - .
TTDDEA | -1.78edse 742651050 L693sin  -L13edsasa -1.02¢3s 5397510 aver 215edssees -143edsanes -108edsruet
Trimentoring | -116.93106s -126.56:2m1 1.87:0m 125500 L3som | -120750s  0.94:0m 1.8820m 12550, 094100
Task GTOPX 6
J(@brr) 2
ARCOO -51.984603 1 1.25200m -56.44 L1300 0.94.001 1.252002 1.1350m =570 k1568 1.255004 0.94500
BO 1 120:00 6037 0.90:001 12020 108200 | -5630zs01 119200 0.90s001
CBAS 1 1.002000 -168.891062 1.00000 1.002000 1.00£000 1.00£000 1.00000
CCDDEA 1 07402 022408 030205 027208 033012 02400
CMAES 1 1.27 00 - - - - - - - -
TTDDEA 0 052218 197,605 014511 028503 0192150 017010 | -184c3sssa  -0.5dsam 1074551 071saes 054427
Trimentoring 1785000 12350 6596510 095500 178200 12350 L12:om | 6616500 0952 177200 1225000 0.95 5005
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Table 6: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps t =50 | t =100 t =150
Task GTOPX 2
f(@orr) 2752752
Metric S St R 50, FS S| o1 SO 50, s SI or 50 50,
ARCOO | 6393105 0.97:00 1.29:0m 145000 | 631450 098z 195500 130500 L1700 | 6323 098100 196:0m 131z0m 0982001
BO 10384508 0.90:00 120200 135000 | -10239:ms  090:00 1794001 1.20:00 108200 | 95322100 17900 1192001 090001
CBAS -275.274234 1.00-£000 1.00£000 1.00000 -275.271234 1.00000 1.002000 1.00200 1.00£000 -275.274234 1.00£000 1.002000 1.00000
CCDDEA | 2043152 058501 0.772021 086s0n | -Li7edsima  -1.05:s 2100w -l4Oww  -126sin | -3.93¢ S579sss 386w 29lsm
CMAES 8.114325 0.98+001 1.30001 1.46£002 - - - - - - - - - -
TTDDEA | -300.70cmex  0.62402 0.82:02 09320n | 7563010 043200 0874101 058506 05200 | -416965ues 015010 03152m 02113 0164102
Trimentoring -59.43175 098100 1.30001 1.47 50010 -57.604528 0.98200 1961002 1315001 1184001 -58.801035 09800 1.97x001 131200 0.99200m
Task GTOPX 3
J(@rr) 228.84434
6457 094z00 188200 1.26:20m 142:0m | 6400s20 094200 1885010 125200 L320m | -6832es0  094s0m 187010 125200 0941000
7188w 092500 1812000 1.22:0m 137:00 | -6857:u0  09lsum 182001 1.22z001 1.10z0m 68510 0.91s0m 1.82:0m 121200 091500
228,84 100200 100200 1.0020m 100:0m | 228841340 1.0020m 1.002000 1.00:0m 100s0m | 228845300 1.00s0m 1.0020m 1002000 100200
8328901 219sw 437w 292452 329ssss | 29353mmes S5.63inm 1126:ms LS0kises 677w | 294.06:wn  363:e  T26:mm A8dzum 364
49670505 096100 1922000 1.28:0m 145:0m - - - - - - - - - -
138¢6sis 1193z 237e3iome  -158e3zsoa  -1.78e3iina | 5.56eSiiis -182e3iassn  3.65e3oma  243e3ioone  2.19Biswa | 23Tebanes  937eriwes -187edrice  125edinuset -9.40e3sisis
39576 097500 195200 130200 146100 4080555 0.980m0 1965002 1.30:00 11800 4512508 0980 196200 1302001 0981001
15634500 0.89:0m 1185015 132:00 | -I7L14sss 08650 L1450 1030 | 17320572 0.84s0n 168502 1125015 0.8450m
1151200 091100 121200 136200 | -105.985ss  0.90z0m 1.20:00 109200 | -11140:00 090001 1.80:0m 1202001 090001
3025051 100100 100500 1005000 | -322.505008  100zom 1.00s0m 100:0m | -322.50:108 100000 1.00:0m 1002000 100500
L06eSsaries  -177.08 240 2360 1esir -266.07snm | -214eSiims  -3.7de3snona 499351070t -4.50e3 0003 | BAleSiioees 272e3isus -SAdediion B62edirae  -2T2edisie
119.20sws 093100 12450, 140500 - - - - - - - - - -
TTDDEA | ddledsions  -442ene 589sissw  6.64ens | 243eSioms  -1000sux  -1999sss  -1333smw  -1203:0m | 468 44895 89774 -5985sime0  -45.0dsiss
Trimentoring | 1165620 0.89z00 1.19:0m 133000 | 14096506 0.87:0m 17350 1163015 104500 | -168.455m 0845010 168500 112:0m 0845017
Task GTOPX 6
Slxhpr) 142,090
ARCOO -47.281635 094100 1.892002 1.26.£001 1425001 -49.081914 0.952002 1.90200¢ 1.2610m 1145002 -49.3019.46 095003 1.894005 1.26:008 0.95+003
BO 5947s00  08T+00 173200 11620 130:0m | 628610  08Ts00 1735002 116500 L04zon | -53.66:08 0865001 17320 1152001 0874001
CBAS -142.094030 1.004000 1002000 1.00£000 1.004000 -142.094039 1.00£000 1002000 1.00000 1.00£000 -142.09:030 1.001000 1.00.£000 1.002000 1.004000
CCDDEA | 2031811881 01903 038207 0255000 029205 | -256.00s002 0045081 0074100 005072 0.04s005 | 19541 0.06505 0135100 0.08:07 006052
CMAES -41.531562 0.941002 1.89400: 1.26.£002 1.42500 - - - - - - - - - -
TTDDEA | 105507 0742000 148015 0.99:010 LilLson 0.7120m 142400 095500 086500 | 11022520 07000 1405000 0932013 0705010
Trimentoring | -65.81swm 0945000 174202 1.2120m 134s0 0.9320m 172200 119200 109200 | 665610 092100 1.72:0m 1192008 0923008

Table 7: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps t =50 | t =100
Task GTOPX 2,
f@oer) 21812517
Metric FS St ol SO 50, sI ol S 50, ES SI o1 SO 50,
60,1757 0971001 1.9320m 1.29:0m 145:0m 097200 195500 13020, 117500 613 098200 1955003 1.30:0m 098200
952Lssw 088500 1.7320m 116200 13leoo | -107.04200  0.87z00 17300 116200 10500 9791sms  0.87:00 1732000 1162001 08700
218120 1.00z0m 10000 100200 100000 | 21812507 1.000m 100000 1002000 1002000 100000 100000 1002000 1002000
288.63:mm 0173000 033512 022308 0250 | 310307 307s6  6ldwme 409 3.69is 9995 199970 -1332emm  -10.03z09
60920 097500 194200 1.29:0m 146500 - - - - - - - - - -
320500 0.565000 112:00 0.7530u 08400 | 24358200 049501 0.98502 065200 05901 | 245.93sas 04750 093101 0.62:0m 0473016
T8.67mss 098001 183000 12720 L4l | 7893uss  0.99:00 1.85202 1275010 116500 | 819503 0.99:001 185501 1275010 099500
GTOPX 3
17154208
5185w 096100 189005 1.2720m 14350, 4177105 09650, 19000 127200 115500 444w 0.960m 1915005 128200 096200
6729501 0881001 1.74z0m L1700 L3liom | 77445um  0.88:0m 174300 L17:00 106001 67665157 0871001 174300 116:001 087001
171540 1.00s0m 100200 10000 100s0m | -17154205  1.00s0m 1002000 100000 1005000 | -171.54z05 100000 100000 100000 100000
B89edrims  214Simo 4284w 2859sww  -3220smis | 67988sime  -1679:mas  3358:ue  2238sma -2020sw7 | 730.69sosu  -1168sun  2336sme  -155Tsus  -1172:na
0955002 18900 12620, 14250, - - - - - - - - - -
75451 -15ledsasos -LO0le3siae -L13edims | 6.59¢Tims  -936€3saues  -187edrimes -125eAssies  -113edsams | -3.31c6x 8.20c4s20ms 645 sarnes  -109%Ssames  -8.23e4saimes
Trimentoring | 440555 097100 19250m 1.29:0m 1.4520m 41331 0.9750m 193500 1.29:00 117200 4080502 0.97s00m 1.9420m 1.29:0m 097001
Task GTOPX 4.
J(@er) 2416121
ARCOO | 13437 0832007 166200 LLon 1255005 | 143982090 0.82s00 163200 1.09:006 098500 | -16541sms 0805008 1615015 1072010 081008
BO 112250 0871001 1710m 116200 130:00 | -10339:0 086500 172400 L1500 L04som | -1138822m0 086500 17240 L1500 0386001
CBAS 4L6lem 1000 100200 1002000 100s0m | 241611 1.00s0m 1.00:0m 1.00:0m 1002000 : 1002000 100000 100000 1002000
CCDDEA | 3323:a5  -167e3ssme -3.34e3urms  223e3ssisen -251e3usmes | -242e5+ Llledsioss  223¢3smo  -148edsacns -134e3irve | -57%Ssmes  -L1Sedsaoi  -235ehssnas  -15Tedssmn -l1Sedsac
CMAES | 12410507 09000 180200 120004 135200 - - - - - - - - - -
TTDDEA | -196.12:m00  0.76:0m2 15001 L0Lsoss Lson | -674.13:mm1 0475000 0.94s00 062065 05605 | 6435320 00401 -0.08 006225 0041
Trimentoring | -123.00.> 08400 1.68:0m L12:0m 126:0m | -12666:m2 083500 1.66:0m L1 1so0s 100s00s | -11520532 0845005 1682010 112:00m 084005
Task GTOPX 6
[@er) -121.49: 03
ARCOO | -S5.01sus  092i00 1852005 123200 139:0m | -5420ene 091500 183200 1.22:0m 11000 | -562651m 0915005 181100 121200 091s00s
65885055 0.86:001 1.67:0m L1400 127:0m | -56.08+ 0.8550m 168001 113200 10200 | 610651555 0.84s0m 1.68 004 1124005 084100
1214850m  1.00s000 1.00:0m 1.00:0m 100:0m | -1214820% 100500 1.00:0m 1.00:0m 1.00:0m 1.00:0m 1.00:0m 1.00:0m 1.00:0m
~108.8345 01550 031012 0.20:08 023503 | 2028728 023:0 045500 030z015 0272000 014203 028507 0192051 0.14203
452450 094z00 1.87:0m 1.25 3005 141005 - - - - - - - - - -
22502060 022:0m 0455405 030430 -034ssw | -56049:msn  013ny  -025su  OdToe  0ASsw | 95596ssms  -134ma 268 A9sn  -135me
Trimentoring | -53.5625  096x00 1.92:005 128300 Lddson | 5568500 095500 90005 1.27:0m LiSson | 57895 094500 1.89:006 126200 095008
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Table 8: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps t =50 | t =100 | t = 150
Task GTOPX 2
J(@orr) 17510507
Metric FS S o1 50 S0, S o1 S0 S0, S ol S SO
ARCOO | -62.22. 0.96:001 19100 1.28:00m 144:0m 09720 193200 1.29:0m 116:0m 097001 194200 1.29:0m 097001
BO ~103.8629 083500 164200 11000 124200 083500 1.6420m 1100 099:0m 0.82:001 164200 1.09:0m 0825001
CBAS 17500507 1005000 1002000 1002000 1002000 S 1.00:00 1002000 1002000 1002000 1002000 1002000 1002000 1002000
CCDDEA | -238.9 041som 081400 0541028 06lion | -198e3iuma 09622 1938455 12845 L16san | 204e3siwe 330sem  66lsmis 440 33Lson
CMAES | -60.46: 0.965002 1.92:0m 128500 L4550, - - - - 5 R - - B -
TTDDEA | -1.06e3: 22200 Addin 296:s  B34roes | 2457.03imsn 422eum  Sddime  -5.62:mm S507cun | 30207200 589sen  -1L78:mn T85mme  591wn
Trimentoring | -57.88+50 0.97:00 1.93:0m 1.29:001 146200 -58.90:603 0.97:0m 194200 130001 11700 57.67= 097001 194002 1.29:0m 0975001
Task GTOPX 3
f (@rr) -134.835050
ARCOO 0955002 189005 126500 142400 095500 1902004 127200 L14s0m 0955002 1.90:000 12740m
BO 6123snm  0.85:00 1.6:20m 112500 1.26:50m 084100 1660 L1lson 10150, 7795+ 083500 1665002 L1Lsom
CBAS 13483505 100500 1.00:0m 1.00:00 100000 -134.83 056 10000 100000 1.00:0m 100000 134 83056 1.00:0m 1.00:0m 1.00:0m

CCDDEA | -4.68¢Scizes  -188.10:302  -375.96:euss  -25074susen 282525502 | -603.90:1s  -130.77:m055  -261.51cas1  -174365ms  -157.34
CMAES 510710 094200 142200 -

ves | 6261450 -87.63si0w 17526500 -116.84zm0
-394edsioes | -3.1debies  -3.67eds

TTDDEA | -348¢6shwes  -2.62ed0700 735edsiwes  -490ediiass  -442edsins | -9.09e

0SeSsime  -3.37eSzams  -2.53eSisses

Trimentoring | -55.90+ws  0.96:00 1382014 -56.781207 0961003 1792029 124100 1134005 -55.95 42950 179202 124500 09650,
Task GTOPX 4
F(@bee) -194.03z08
149.32:50 075500 15000 100006 L13som | 14490525 0725008 143501 095501 0862010 146425500 0.71z00 14ls01s 094010 071200
10750207 0830, 160004 1.09:001 1.22:0m 109246 0.80z00 16000 107002 09620 1204600 0.80:000 1.60<002 1.0720m 080200
1940308 1.00s0m 1.00:00 1.00:00 100200 -194.03 208 1.00:00 1002000 1.00:00 100200 -194.03 208 100200 1.00:00 1.00:00 100200
145¢6siscn  -388.94swom  TTT87s12i0  -5I8.58swam  -584.3Tsonm | -1.50e 2003160 401edsona  26Te3hse 24lediim | 299 5813w Ll6edsises 17530 -5.83e3iro
S10270sms 08850, 176005 11740m 1.3240m B - - - S B - - - 5
91le3srne  27.6limus  552lsuem  -368limm  4148su0e | -1.67eds 9551iz0nr -19100sswss 1273445 -11491swim | 9.68e3same  T98limesn 15962400 -10641smsis 8007520710
1272805 082500 159500 108501 121500 -107485706 0815008 1625016 108501 098010 10552505 0825008 1645000 1.09:0n 082500
GTOPX 6
-102.96202
4934572 0891000 1782005 1.19:0m 134200 0.881008 1.770m 1182005 106004 0.88 000 1762008 1172005 0882001
68351005 0.82s0m 159 004 1081002 12150m 08150, 159004 107200 09740m 0805002 1591008 1.0610m 080200
1029620 1.00:000 100000 100000 100000 1005000 100000 1.00:000 1005000 1.00:000 1.00:000 100000 1005000
937600 0310 059:050 04lz0m 046302 | 6793sime  -1423svs  2846smen  -189Twm  1702kse | -6793rime  29.64smis  -5929pisn  -39.52uw@  29.T4imn
0915003 182400 1225000 1372005 - - - - - - - - - -
0581015 116505 077202 087202 | -119.60:3m 05150 102402 0685015 0.62:017 1206000 04T<0n 093505 0.62:02 047200
Trimentoring | 6581251 0941005 152400 L1dzon 124202 659650 0.94z005 1.52:00 L1401 1062008 6589503 0.95:005 1.52:00 L1dzon 0951015

Table 9: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

Steps t =50 | t =100 | t =150
Task GTOPX 2
F(@brr) 1362810
Metric SI o1 SO S0, FS st o1 50 50, FS sI o1 SO S0,
ARCOO | -6061s1ns 094500 1881000 125500 Ldlzon | 61580 0.94s0m 188000 1260 L3 | -6198s  094s0 188005 1.25:0m 09400
BO -90.59+1022 075002 1.455000 0.99:002 1.1 -104.88. 074002 1.46:003 0.98002 089002 99834174 0.73200 1465003 0.97 002 0.732001
CBAS -136.28+039 1.00+000 1.00+000 1.00+000 1.00000 -136.28 0. 1.00+000 1.00+000 1.002000 -136.28209 1.00000 1.002000 1.00+000 1.00000
CCDDEA 005:0m 01051 0.072131 00810 | 54844+ 050:0m  -10Leis -0.67+008 553 7 -L06ns 2o -l42am 107415
CMAES 0.955002 191000 1.27:0m 143:0m - - - - - - - . - -
E/ 02 -0.30£066 0615132 0414088 0461099 -345.8112m7s -0.66:+092 -1.335185 0894123 -0.80£1.11 -380.692062 0.92112¢ -1.84120 +165 0.92:124
Trimentoring | 55.34snw 094100 1882006 125200 Ldlions | 5741nrs  094i0m 1.89:007 1262001 Lidson | 6035005 09420 1882000 12620 09450
Task GTOPX 3
F(@ ) 102692000
ARCOO | 475l 093:000 1812005 1.23:0m 4207em 093:0m 1832005 1232000 L12:00 | 41912 093:m 1852007 1242000
BO 6772000 077500 1.50:00 102+00 6360 076500 1515002 1010 091500 | 6248058 07550 1.50:00 1.00s002

CBAS 102691019 1.00:000 1.00z000 1.00:000 100000 -102.691040 1.00:00 1.00:000 1.00z0m 1.00:000 -102.69:04 1002000 1.00z0m 1.00:000

CCDDEA | -8.16eds21es  -76.584i461  -153.105039n  =102.1042007  -115.0612905 | -144.6650m  -50245m0  -10048mss  -66.994ms  -60455u0ss | -170.074m  -3341sma  -66.824ma  -44.544m0

CMAES -46.30< 1376 0915004 1.82:5008 1215005 13720 - - - - - - - - - -

216eStames -L10e3sises  220e3:ues  -l4Tedsana -16Sediaie | 216e6rums  -143edriies  285edeama  -1.90ediion 1724 | 476e6rsses  -28ledane  -5.62edisaes  -3.7Sedsases  -2.82ediamu
0.

Trimentoring -39.814605 0.955002 1.88500¢ 1.26:£003 1.42:0m -41.315420 0.961002 1.91 5000 1.27400 1155002 -45.87 095200 1.905003 1.274002 00
Task GTOPX 4
f(@ore) -153.624000
C13309:m0 0.6810m 133501 0.90s012 13982mn  067s0n 1312025 0882010 080015 | -129.09:5%  0.662010 131021 0.88201¢
106324155 074100 1462005 0.98200¢ 8873w 074som 145200 0.98:0m 088000 | 10173425 07320 145500 097200
-153.62:00 100500 1.00s000 1.00:0m -153.62:00 100500 L00s000 1.00:0m L00s0 | 15362000 1.00:0m 100:0m 100s000 1.00s000
-1.54e3s100 -161.0942457  -322.192as910  -214.7942ma3  -242.0413m0 | -2.94eT4sme -1.76e5t19ses  -3.52e5s70es  -2.35e5is2%s  -2.12e5547es )Se -1.66e51286es  -3.32e54572s  -2.21e5s3mas  -1.66eS5287es
-88.94.41703 0.83+00¢ 1.67 4007 1114005 1.25005 - - - - - - - - -
TMediies 250lws  -5182emos  -3455ime  -3893iww | -5A2edrimes -143.58smw 287.07s0m 19144k -172.761e70 93563 uames -187edsins  -125edsauns -9.38e3saes
122984mss 072501 Lddson 096014 L08:oss | -127205206  0.695000 137500 09250n 083101 0.70:0 1.40:0 094101 0700
GTOPX 6
8337202
ARCOO | -5634znu 086500 172500 1152008 129200 | 59.09:ns 081z 1610 1085010 0975012 | 6024 0.78z0m 15720m 1055015 079201
BO -66.2045.47 0.761002 1.45500¢ 0.99:1002 1112002 -63.39457 0.73100 1445000 0.97 003 0884003 -63.0541430 0.7220m 1442000 0.961003 2.
CBAS 1002000 100200 100200 100000 | - 1002000 1002000 1.0020m 1002000 83 1002000 1002000 1002000 1002000
CCDDEA 02400 0465 03110 035500 | -150.61 03000 -061s0m 04lz0s 037w | -15523s0n 032403 -0.63s0m 042:000 032401
CMAES | -3946s50 0891000 1.78:005 1.19:00¢ 1.3 - - - - - - - - - -
TTDDEA 115041020 0.38+028 0.764056 0.51403 0.57+00 -124.12:42870 0.21403 0.42+068 0.28.045 0.26:041 -298.76+3m394 0.05:03 0.09:+07 0.06:053 0052040
Trimentoring | -48.53:m  0.90s00 1675020 115200 4940500 0895000 162020 11500 105:0 | 51200 08920 1655020 L14z00 089208

28



Published as a conference paper at ICLR 2025

Table 10: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
Details are the same as Table 5.

the optimal value.

t =50 | t =100 | t =150
GTOPX 2
275.2742m
FS ST SO SO, ES ST Ol SO SO, FS SI o1 SO SO,
-78.85+1345 0.94:00 1.25:00 1.40:003 =72.331006 0.95:002 1.89:00¢ 1.27+002 L1400 -68.61+900 0.96:002 1.91+003 1.28:00 0.96-+002
-95.93+27 0.90=001 11900 1.34z00 -99.74+12550 0.90001 17900 1.20:00 1.08+00 -105.80+1791 0.90:00 1.79+000 11900 0.90-+001
1.00=000 1.00=000 1.00:000 -27. 1 1.00:000 1.00+000 1.00:000 1.00:000 -275.27+23 1.00+000 1.00:000 1.00:000 1.00:000
0.63x011 0.84=014 0941016 -876.096013 024002 0.49:083 0.3310s5 0.29:050 -714.28+52250 -0.05+0m -0.10143 -0.07+095 -0.05:0m2
0.98001 1.30:00 14700 - - - - - - - - - -
0.69:011 0.92:014 1.03:016 -206.66-+595¢ 0.66:000 1.32:018 0.88+012 0.79+011 218445828 0.66:000 1.32:017 0.88+011 0.66-+009
Trimentoring | -111.87+s820 0.98001 1.27:010 Ldlzois ~111.05:48836 0.99:00m 1.84:03 1.271010 1.16:006 -109.44-8020 0.99:+00 1.85+032 1.27:010 0.99001
Task. GTOPX 3
f(@oer) 22884556
ARCOO -51.89+013 1.92:002 144002 -49.87 790 0.97x00m 1.93:002 1.29:0m 11600 -46.84-1194 0.97+0m 1.94:002 1.29:+0m 0.97001
BO -66.55+1586 1.81+002 1.370m -64.97+1639 0.92:00m 1.22:0m 11000 6940865 0.91+00m 1.82:00m 1.21x0m 0.91001
CBAS -228.8: 1.00:000 1.00000 -228.84346 0 1.00000 1.00000 -228.84+346 1.00+000 1.00000 1.00=000 1.00000
CCDDEA -107.154229 -1.10+30: 22162 -1.66469 52.86+47962 -0.35+159 046213 0.42+192 -352.63+ar9.41 <0.19+12¢ -0.37. 0.25+166 <0.19+125
CMAES -41.24140 97 1.46002 - - - - - - - - - -
TTDDEA ~748.95 58196 0.07+258 -17.52+a061 -35.03+0121 -2 5414 -21.08as86 | -2.54e6:6a06  -301.89+6m70  -603.79+1223  -402.52:sm1305  -302.90+61150
Trimentoring | -66.31+6101 1.3303 091010 1.76:05 1.19:020 1.08025 -66.86-+6243 0.91010 1.76:051 119020 0.91+019
Task GTOPX 4
f(®5er) -322.50108
ARCOO -125.402348 1.2400 1.40004 -136.19:£3099 0912003 1.82+007 1.21 005 1.09:00¢ 0.9000¢ 1.80008 1.20005 0.90-00¢
BO 96364194 1.21x0m 1.36x0m -119.8451955 0.9000 1.80+00m 1.20+0m 1.09:+0m 0.90+00 1.2000
1.00000 1.00+000 22.5021.08 1.00000 1.00:000 1.00000 1.00000 1.00000 1.00000
, <7471 8421308 -3.26e31821e3  -6.52e34160s  -4.35e3k109es  -3.92e340873 -2.70e3 45523 -3.61e3+736e1
CMAES -90.12:+7.02 1.26:00 1.42:003 - - - - - - - -
TTDDEA 2. 1ledssoses 248020 -49.60:w366  -33.0745577  -37.2626285 | -6.36edx115e  -58.34x10627  -116.6812258  -TT.79xum169 701921286 | -4.2Tedsr3e0  -67.84111962 -90.46.+159.49
Trimentoring | -123.24:3125 0.91x005 1.81+010 1.21x006 1.36+007 -127.16:2112 0.90005 1.80+010 1.20+007 1.08+006 0.89:005 1.78010 1.19:006
Task GTOPX 6
F(@ber) -142.09:0%
ARCOO -51.104035 0.925002 1.82005 1.22:00 1.38+003 21662 1.861005 1.241003 1121003 -54.1411230 0.93 1004 1.86+007 1.24005 0.93100¢
BO 56.65+7.99 0.88001 1.72004 117200 3100 57.125011 . 1.73200¢ 1.17 2002 1.05+002 -57.19+1623 0.874002 1.73 2003 1165002 0.87+002
CBAS -142.09039 1.00+000 1.00000 1.00+000 -142.09:039 1.00000 1.00000 1.00+000 1.00+000 -142.09+03 1.00+000 1.00+000 1.00000 1.00+000
CCDDEA | -21091511s 05350s 0. 040205 | 72578507 0.662121 206 088se 07910 | 6830750516 15500 3.10z50 207530 1562250
CMAES -43.421500 1.91 2002 1.27 200 1.44200 - - - - - - - - - -
TTDDEA -108.37 2746 0.74x005 1.49:010 0.99£000 1.12007 -105.79212 1.42:018 0.95+012 0.85+01 111042945 0.70£011 1.39021 0932014 0.70£011
‘Trimentoring -51.102915 0.92:000 1.830m 1.22500 1.38x008 -52.09+1241 1.83x0m 1.22:1007 1.102007 -52.11+n24s 0.92:006 1.830m 1.22:000 0.92:1006

Table 11: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps t =50 | =100 | t =150
Task GTOPX 2
H@der) 21812505
Metric FS o1 SO s0,, FS SI o1 SO S0, SI o1 SO
ARCOO | -763147: 18lom 1200 136005 | 7653:w%  094s0m 1872009 1.250m 112400 0942002 1.88 00 12550,
BO 1024621155 172:0m  1d6som 130z | 9314z 0.860m 172200 L14s0m 103100 0.86:002 1.7250m L15s0m
CBAS 21812403 100som 100000 1000 181225 100500 100000 1.00:00 100000 21812403 100000 1.00:0m 1.00:000
CCDDEA | -183.7659 2 104w 070s0m  078s0m | -120eduims  269:sm  538ium 3594w 3242706 | -80003smss 239 4771 318156 240420
CMAES | -6210s55 09700 194som 1290 1462001 - - - - - - - - - -
DDE. 2626955 054z 1070 07li0n  080s0n | 263.17:ms  0.4dsom 0.89:00 059028 0.531025 257,602 0.42:00 0831048 055500 042502
Trimentoring | -100.10:05 098200 171s0s 12305 135:0m | -10042:05  0.98:0m 172500 12320 1135008 -99.55407 0.98:002 172400 123501 099200
Task GTOPX 3
S(@brer) -171.54 203
50.09sss  095:00  187wom | 126kem  142:0m | -526linw  0.94sm 1882008 12650 113500 5314512 0942002 189001 126500 095200
4462016 087:00  172:0m L6 13000 | -6006:ne  087s0m 173500 11650 69.9712080 0.87:001 17350, 115500 087200
17154505 100z 100w 100som  100s0m0 | -17154s0m  1.00s0m 1002000 1.00:0m “171.54 5081 1002000 1.00:0m 100000 100000
2293l Olleos2  02les  Oldsim  0d6uiw | -50452esu  -0.4811m -0.955500 -0.631241 609805 0674202 RELIF 0.90:25 0.684213
418956n  097:00 193w 129:m 145300 - - - - = - - - - -
2463 8434m0 87 11255051 1267508 | 2.69eseves  29.02:mss 5824w 3883imw  B5.04imes | T6TeStise  T224nme  -l4dedose 96299 7246415
Trimentoring | 4204550 098:0  196:am  13lsom  14810m | 4268iss  0.98s0m 197500 1.3120m 118400 42808501 0.98:002 1.9750m 131s0m 099200
Task GTOPX 4
(Toer) 24161519
ARCOO | -93.66ises  092:00  183so0s  123som 1380w | -11365:0s  091s0m 1815005 1215008 1.09:00 131275350 0.89:00 178200 1192005
BO -10641s250 08750 169:0m  Lldson 128300 | -109.70:0m  08750m 170003 L5500 1041001 -1078850e  0.85:00 1710m 11450,
CBAS 2416115 100z 100t L00s0m  100s0m | 2416le1m  1.00s0m 1002000 1.000m 1002000 24161413 1002000 1.000m 1002000
CCDDEA | 756.53205228  0.20x1105  -18.5822000  -12.39215n  -13.965150 | -1.86€5s20ss  -163.0622135  -326.12206 20T Aluass  -196.1952507 | -1.86eSizeses  -344.86zm7 6897320055 45982semm  -346.014m3
CMAES | 994555 0900 180:0m 120z 135300 - - - - - - - - - -
TTDDEA | 9964521055 0360m  07leise 04705 053210 | -175e3usms -1.84sax 24613 22205 | 328800smus Bdlesn -623kem AlSine 3124055
Trimentoring | -147.56:0 088200 164s0n  Lldsow  126:0n | -1457650m  08650m L1008 101500 1466822 0.852005 1582021 1.10z008 0852008
Task GTOPX 6
f(@5er) -121.4850
ARCOO | -5529:ws  090:00  L77:0m  L19s0s  13dsoos | -61.99sas 0895000 177200 118500 1075007 6217527 0.87:00 175500 1165002 088200
BO 6420400 085:0  166:om  L12soo 12600 | -6339:ww  0.83i0m 1672002 L1Lon 1002001 -55.894135 0.83:001 1670 L1lLson 083200
CBAS 12148205 100000 100zom  1.00s0m 10000 | -1214850%  1.00z0m 1005000 100200 100200 -121.480% 1002000 100200 1.00z0m 100200
CCDDEA | -1266953s 0282016 05dsos  037:om  0dlsess | 56431swe  -03950m 07715 0524100 046209 | -56287sw0w L1251 224x52 1492215 L1210
CMAES | 42834 095:00s  1.89:0n  126k0m 1424008 - - - - - - - - - -
TTDDEA | 852612  075:006  15leon  10Lsoos  L13sow | 9075:mm  073s00 1455010 097201 0.8720m 97174300 0702015 141202 0945017 0712015
Trimentoring | 77850 095:00s  153:0e  Lldsow  124s0m | 7878w 094sous 151500 L1350 1055008 79.9843 0.942000 150500 112501 094006
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Table 12: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value. Details are the same as Table 5.

Steps | | t =100 |
Task GTOPX 2
f(@opr) -195.442 15
ARCOO 68.68:en 092t 176 120sem  135:002 | -6139cm  093s0m 1842001 123200 L1l -58.89103 09300 1862001 0945002
BO -100.675020 0860w L66:0 L3 1270 | -89.30cme  0.85:om 167200 1132001 1.02:001 960411 0.84s0m 1682002 084001
CBAS 19544515 1002000 1.00s000 100000 1.00z000 | -195.44u1 100200 1002000 100000 | -19544s15  1.00z00 1.00:000 1002000
CCDDEA | -166.1550  062+01s  123:020  083s0m  093s0m | -1.03e3swmist 021511 -0.1420m 0130 | -103e3smso  -101siss 2010 1344200 101415
CMAES 570600 096s0m 1930w 12950m 145100 - - - - - - - - -
TTDDEA | 24565t 045:on  09leom  060s0is  0.68:017 | 241672300 074202 049017 04dsois | 24257235 035s0n 0712024 0.4 035500
Trimentoring | 754850 09800 183som 126500 140s01s | 74165 183:00 1.262010 L15so0s | 7379260 0.98z0m 184200 12 0985001
Task GTOPX 3
f(@ber) -151.85 206
ARCOO 47386 094z 184soes 125200 140:0m 186200 125200 L12s00 | 49.03:us  0.93z0m 0935002
BO 5783en1s  086sm 170t Lldsow  128s0m 170200 1142000 1032000 6288104 0.85:0m 0852001
CBAS 15185200 100s0m  1.00s0e0  100s0m0  1.00s0m 100200 100200 100000 | -15185500 100500 1.0020m 1.00:000
CCDDEA | -592¢ds1ses  -5.04ssm  -10.0921607 6724107 -1.57Ts121s | 21215205 4350029 870mws  -5.80sns  -524sn | 20482:ms 282w 5644 2.83408
CMAES s 097:om  194zc 129200 14550, - - - - - - - - - -
TTDDEA | -157.10s0m  0.67202 1341 090s028 1010w | 8375956 0.2 0.50:100 033207 030s06 | -147e6s30es  -13347amsm0 26694z -177.962ms00  -133.91 27
Trimentoring | -109.04ss06 09950 14840 L1Ssors  123s0m | -108.97esm  0.9950m 148201 1155015 109500 | -107.85:50s  0.9950m 148204 1155015 099500
Task GTOPX 4
fl@hep) 215,745
ARCOO | -87.64sus  093:0m  185:00 124500 140som | -103.86sism  0.9250m 1852005 123500 Ll | -1128:me  091som 1832005 092400
BO 15094 08520m  L66soo L1320 126s0m | -116435um  0.840m L0l | -9428+ma  0.83s0m 167200 0845001
CBAS 215742 1000 1.00s000 1002000 1.00:0m 1574008 1.00z0m 100000 | 21574205 1.00<0m 00=0m 1002000 1002000
CCDDEA | -379372is1ss  -5.48:ne -1096:ns  -73leisn  -823smis | -1.83eSiames  -279.281w62 0 -336.0255m | 9.80edsines  -38291ssn -765.82sim 510550020 -384.185510s
CMAES | 9548455 091s0m 1832000 1225008 137400 - - - - - - - - - -
TTDDEA | -259.66:1m0s 043108 087:0m 058505  065:0s | 903364150 0105100 0194327 01342 0124107 | 308874ms  -040:2m 080447 05342 040423
Trimentoring | -13948s5s  094so0s  L63s0as  L17s0  129:0 | 14248515 09400 16320 117200 108008 | 137732921 0940 164200 L18:0n 094005
Task GTOPX 6
f@her) -H21120m
ARCOO | 49.43:w2s  09lcom 179 120som 136200 | -5477:mm  0.89:0m 178200 1192008 1070 | -5630sm02  0.87+0m 1752015 088007
BO 6197202 084zom  L63:oe  Lllzon 124z | 6091+ » 163200 1.09:002 6049506 0.82z0m 0.82:001
CBAS SU200s0m  100s0m 1005000 100s0m 1000w | -112.11s05  1.00z0m 100200 1002000 20105 100s0m 1.00:000 1002000 1002000
CCDDEA | -15090sw10  027+02  053:0s  035:02  040s0m | -3.53e3sssss 602403 -1223:mm  B15inm 352¢3ssae -1326suss  2652ene  -17.684wm  -13.304um
CMAES 46.42:sw  092:om 184t 1230w 13800 - - - - - - - - - -
TTDDEA | -13226ss1ss  04dson  088z0s 05920  066:00 | -12993cwu  03820m 0.75200 0502045 04500 | -154.89sm  0.34x0n 0.67200 0452045 03420
Trimentoring | 827400 085:o  145;a  105s02  L15s0x | -83.07:me  086:01 146200 106202 098:00 | -B170iwi 086501 147200 1062020 0865018

Table 13: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps | =100 | t =150
GTOPX 2
-175.102075
SI ol S0 S S o1 SO S s 50,
5 091som  175:ws 1200 -75.65510m 092400 183200 1225003 73502024 0.92:0m 092200
10420507 0.83100 164z0m 110500 953451471 0823001 163500 1095002 -89.75 5210 0.82:0m 0823001
1750020 100000 1.00z0m  1.0010m -175.10= 100200 100200 100000 -175.102075 1.00:0m 100000
15542000 035sm  0.69:0  046s0n 1303295 w0 091525 1825050 1215w 15339500 232z 232545
5922:0m  096zom  191som 1275008 - - - - - - 5 -
26671z 029:0m 05702 038s0m 25904506 019501 0390 026302 -259.49. 0172015 033200 02200 017015
Oldlewss  092:0m  169:0w  L1Ssow 9028 1016 0915015 16908 117502 88735034 091505 169 L1750 0915015
GTOPX 3
-134.83505
5060w 092tom  L8leose 122500 13Tco0 | -48.03:0% 0925003 1845006 1235008 L1lzom 48005680 0920 184500 123500 0935003
621400 085:00  166z0m  L13soo  126:m | -78.6dsnn 083200 166002 Llsom 100002 -61.534728 0.8320m 167200 1111001
13483:0%  100s0  100:om  100som  100som | -134.83:0s 1005000 1005000 1005000 100200 -134.83505 1.00:0m 100200 100500
1204750m A497s0n 994ma  663ensm  T4Twisn 25225 5052107 337270 -3.04s617 Siwen <192z B84sn 256550
410967 096:0m  192:00 12850 Lddion - - - - - - - - -
1644050 042505 O084siw 0560w 0.63:0m 096227 1925555 1285503 1165 | 226e6aswe0  -133e3sama 2.66e3rem  LTTedmima -133e3srna
4531 096:om  192:00s 128500 L4dson 0965003 1925006 128500 L1520 4440570 09650 192500 128500 09600
GTOPX 4
-194.03 108
93436 09Tsom  L8lsam 120500 10301 091s0m 1.8 15005 1215009 10881cee  0.90z0m 120005 090001
-10697:n7  08lsom 159, 107200 115699 080200 1595002 1072002 9874101 0802001 106200 0802001
1940308 10000 1.00z0m  1.00s0m K -194.03 208 1.00:000 1.00:00 100000 10000 -194.03 108 1.00:0m 100200 100500 1.00:0m
290062 -29.74x519  -58.51enoss  -394lsmes 44291507 | 2.0deSsemes  -349.981msm 6999615 -466.64smr  -421.09men0 | -322647mes  -2.93e3isons  -S.86e3riies  -39ledirois  -2.94eBisones
9589+ 0882008 176:w  LlTsom  132:0m - - - - - - - - - -
2281300 0525000 103zw 069205 077z | 265.16:00  Odlion 081203 0542024 25606550 036200 0485025 0365019
Trimentoring | 13975505 0.82s00 1015000 S143475m0 08350 141z0 1025000 14676530 083200 1025010 083100
Task GTOPX 6
F(@ber) 10296102
ARCOO | 49.14siess  087:om L7320 Ll6soos  130z005 | -59.69:116 086200 1.72s01 1155000 1.04200m 64,6412 0.8520m 1702018 11350 085100
BO 60241525 161z 1.08s0m 61305110 0802001 1615003 107500 09720 58,6407 080001 1602003 107500 081200
CBAS 10296202 100:0m 1005000 102962020 1002000 1002000 1005000 100200 1029610 1.00:0m 100200 1005000 1.00:0m
CCDDEA | -124.64538 07302 049s01 6837000 0.T5z1 149553 0992224 090s02m | -L13edsims 286w -573sm 382w 28753
CMAES 7,048 185:0m  1.23s00 - - - - - - - - - -
TTDDEA | -13649.6605 088505 05850 10375m05 043s0m 0865047 057501 052:2 | -10454smm 045z 060202 045502
Trimentoring | -2.79¢3:7210 3178w 2NMdisse  2384seom | 288e3iras  -18.67sns  -3745smw  2493sens 2248 2963w -1981sse 3974 2645imw  -19.88rsm
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Table 14: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near

the optimal value. Details are the same as Table 5.

Steps t =50 t =100 t =150
GTOPX 2
~136.28100
S SI or S0 S0, S St or SO St SO S0
661450 089s0m 170z L17s00  130s0m | 6410sne 089500 1775005 1.19:0m L 0901002 120400 090002
86.934097  075t0m 146z 0990w Lllzow | -10086:1s 074z, 14850 0995012 92232100 099012 0.74z0m
1362820 100w 1.00z000  1.00so00  1.00zom | -136.28:0% 100000 1.00:0m 1.00z0m -136.28:030 1002000 1.00:0m 1.000m
15040s04 02940 057:0ss  038s0s 043t | -l4Ocdsamss  2149rma  -4298smw  28.65:em  -25.86imes | -6.0ledsisas 18587 n  -12391smma 9324401
27900 095:m 190z 127:00 143100 - - - - - - - - - -
32327s1s 055:00  -L10ss 0730 083sem | 315.6lien  0.77:0m 154200 103108 093:0m | 31778107 084104 168203 112108 0841081
Trimentoring | 9843:wc:  090sois  1d4dows 1080w L18sexs | 98.56:ws  0.91iws 144500 10950 102:0m | 9851sws 0910 1L44z0u 109502 0915015
Task GTOPX 3
S (@brr) 10269100
ARCOO | 4904153 090:0m 1760 L19ow  134soss | -4882i0m  0.90s0m 179200 1205008 5075c20 089500 179200 1192005 090200
BO 60002805 100som  Lldsom | -69.70:m06  0.75:00 1.49:0m 1.00z00 60681001 074500 1492008 0992002 0742001
CBAS -102.69:00 100s0m 1000w | -10269:00  1.00:000 1.0050m 1.00s0m 100000 | 10269500 1.00z0m 1.0050m 1.00s0m
CCDDEA | -106.81+i0: 153940 1706504 | 25ledtime  94Tisn  -1893ius  -126: 139416 | 25Tedizi 1238400 3 -1650ssm  -1242:0m
CMAES 427753 125500 14000 - - - - - - - - - -
TTDDEA | -13451sm25 0.3 042500 047:0 | -1.03eSiames 130555555 261.09s00m 1740668  -157.072s100 123 43zi0mn -145e3sine  964.58sumim 72584216
Trimentoring | -88.94s20n  093s0ss  122:0m  103sen  10Bxox | -8920sme  0.92i01 12150 1025016 0982015 0915016 121501 1015016 092015
Task GTOPX 4
Fl@her) -153.62:000
ARCOO | -84.19:1s  0.87:0m L1605 130s00s | -10095:m  0.8450m 1685000 112500 = 081005 161200 1082007 0811005
BO 109.59:ns  0.7550m 099:00  Lllsow | 11690502 0.74z0m 1.46z0m 09801 0.89:00 | -108.03:20 0.73:0m 1462000 09750 07350,
CBAS 15362400 1.0050m 100:0m  100:om | -153.62:0m 1005000 1005000 100000 100s0m | -153.62400  1.00s0m 1002000 100000 100000
CCDDEA | 27550225 -23.5422012 31384 -35.3 62165t 840.61simn  -168eIirvs  -112eBsaer  -L0leBsamer | 6296510 -183ediir  366e3rama  2Adedisme  -184e38iiie
CMAES | -9897:w%  083:om 110500 1240 - - - - - - - - - -
TTDDEA | -226381ms0 02850 03750 042:0m | 27343z 00208 0055131 003087 204275055 0.1240m 024510 0.16:1055 0.12:0m
Trimentoring | -155.72+101s 09250 099:0m | 14703568 0.77:0m 116503 090502 1408750 0.78z0m 119202 092402 078502
Task GTOPX 6
Fl@hpp) -83.3740m
ARCOO | -5045:15s 086t 164z Ll3sow  126:m | -50.94sww 08400 165501 Lz 5745505 08lson 1.6320m 1095013 082201
BO S86410n 0.75m L10som | -58.6lnu 0.75:0m 14240m 098002 634650 0.71som 143500 095001 072500
CBAS 8337s0n  1.00s0m . 100s0m | -83.3740m 1002000 1005000 10000 1002000 -83.3720m 1005000 1002000 100000 100000
CCDDEA | -110.12400s 1164220 2324ss  -L54s2ss  -174sa0 | -Tlle3sros  4T.0dsorss  9428simw  -6286sm  -56.72em0m | T.12€3s10r  -5347ewm0 10694252 T129imas  -53.652mas
CMAES 42114825 0.90£004 1.792009 1.19:006 1.35007 - - - - - - - - - -
709.72:1me 309:su 6.19:ix  Ad2iiows  A6S:na | 83494nica  AT2eum  945imw 630ssw 5682 | 49395sewns  6.69mises  -13.39sme  -892:um 67221601
Trimentoring | -6247:234  089s0is  Ldlsos  107:em  Ll6ron | -6373smis 0894015 141s0n 1065018 100:0s | -6324smn  0.89s01s 140200 1065018 089015

Table 15: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the

optimal value. Details are the same as Table 5.

Steps t =50 t =100
Task GTOPX 2
J(@6er) -356.70+:
Metric FS S SO 50, S sI or SO SO, F ol 50
ARCOO | 27014sms 094100 1.05 00 1105008 | 2738950602 09620 12450 107500 103:0m | 27439560 125502 1085007
BO 382.00:ma 065100 0.7620m 08lsoo | 42735umm  0.64som 0932003 07610 071som | 35227503 0.9420m 0762002
CBAS 35670525 100s0w 1005000 100:000 | -356.70:: 1.00:00 100500 1.00s0m 100:0m | -356.70:23 1.00:0m 1.00:00
CCDDEA | -164.79:mm 06700 0.88:014 0981010 | 2.89e3sa00a 0245120 0492230 033am 02940 | 38030 3820 259
CMAES | -14667:0u 0985000 124500 135500 - - - - - - - - - -
TTDDEA | -326.16sms 076503 095200 103200 | -265.98210m 1.2240m 091105 08400 | 26124200 07dsom 125200 093204 075103
Trimentoring | -147.67:11 098500 1.2450m 135500 | -148515mm 167500 1242001 Lldson | -1497425s 098500 1.67:0m 124200 0995001
Task GTOPX 3
S(@orr) -336.15202
ARCOO -310.05£5018 0961004 1.01 006 -312.22:16704 0.952005 1082018 1.0000 098005 -313.80L6600 0942006 1.084019 1.002008 0.94 1005
BO 3478300 05800 087000 0.70s005 B130dewn 0570 088100 0691005 06500 | 285.695un 058400 0.8950m 0.70:00 0581002
CBAS -336.154628 1.00+000 1.00£000 1.00£000 -336.154628 1.00£000 1.002000 1.004000 1.00000 -336.154628 1.00£000 1.002000 1.00£000
CCDDEA | -2.dSedsarses  -2884ssoss  -5590cmn  -38.03s7sus 440,594 348840 237Brwn  2156mn | -5094lswes  -1191eww 1568420 -11.950mn
CMAES -5.81e3x0603 -1.22:434 -2.0245m1 -1.524420 - - - - - - - - - -
TTDDEA | -320eSsssws  -187.49:umss  -200.61c0nse  -193.77sm0s  -196.01ewmm | -1 78e6sis0s  -320e3unams  -3.50c3somsn  -3.35e3snes  -330e3susiar | -1.98eTwussr  -89Te3uraes  9.3deBsines  -9.15e3erat -898eBsianes
Trimentoring | 1613105 097500 157202 119:0m 129:00 | -160475m00  097:0m 157202 120200 Lilsons | -15976sm00 097500 158202 1202008 0981001
Task GTOPX 4
F(@ber) -496.56 1501
ARCOO | -53130sam  0.71s03s 0952047 08150 085200 | -54933:20m 069200 092405 078101 075000 | 5368Lamms  0.67400 0.90:05 07700 0681012
BO 386975 051400 080005 0.62z015 57524 0530w 0831005 065004 0.60:00 S8ewse 052500 0.83 200 0642008 052200
CBAS 49656550 1.00s0m 1002000 1.00:0m 496,565 1.00:0m 1.00:000 1.00:000 100z0m | 49656550 1.00s0m 1.00:0m 1002000 10000
CCDDEA -8.72e3417%es  -476.3847058  -827.79+1575  -604.58+1.00e3 -1.12e742 -1.56e34251  -2.74e3as2s  -1.99e34325es  -1.83e342073 | 276616826  -2.58e34491es  -4.52e3ames  -3.28e34630  -2.59e344953
CMAES | -132e4samm  -1.0520ss 161 2m 127122 - - - - - - - - - -
TTDDEA -5.10ed 49158 -3.42eds0054  -3.43edi005es  -3.42e4490504 5 -1.78eTsamer  -2.69e41709e1  -2.69e4s7054  -2.69edi7m9es  -2.69eds7094 | 9.16eT 42428  -5.80eds1snes  -5.80edsises  -5.80edsisis  -5.80ed1 55
Trimentoring | -377.02:s0 0835000 132200 10220 11000 | -377.96550m 08250 130501 1005001 093:0m | 38304sm0  082s0 129012 0.99:001 0825006
GTOPX 6
-168.89:06
16934506 100x0w 100200 100000 100000 | 16951500 1.00z0m 1.00z00 1.00z0m 10000 | 16954200 1.00z000 10000 100200 1.00:000
165,550 07400 0972003 0.84:0m 088s0m | -I78.18m0s  071s00 0972001 08240 0.78:0m 0701002 0.9720m 0812001
16889206 100100 100200 1.00:000 1005000 | -168.89:0 1.00:00 100200 1.00:0m 1.00:00 1.00:000 1.00:0m 100200
19050512 046503 084200 0.59:041 066100 | -579.63em0  -0.02+0m 0054126 0001052 001z | 5796300 04941m 075520 0.60515
-146. 0932002 L17:0m 1.03:0m 1.08:00 - - - - - - - - - -
6253742 09723 2200 L0930 -Lldsen | -66670sima  -148sas  -19lsse  -L68aim  -16leaw | -395edsma  39lssw  S553iun  45%ma  392ue
Trimentoring | -15586:560  -1285:16  -12.57swx  -1273sma  -12.685wn | 15722540 -1293swn  -12.66:ws  -128lsww 1286wy | -158.05ses  -12.96ss0  -12.69:ws  -12.84smss 1295500
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Table 16: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps | |
Task
J(@5er) 275.27+;
Metric S St o1 R B o1 S SO, o1 50 50,
ARCOO | -24043:0% 095500 L1220 102500 0.96:00 L4z 1043005 101s0m 115200 1045005 0965002
398565165 047100 0.5820 0.5220m 0.4 0.581008 051100 0.49:0m 0.5620m 049004 0441000
27527520 1.00z0m 1002000 100000 10020 100200 1.00z0m 10000 10000 100200 100000
27325emes 0550 0.99. 0.70:02 078200 | -l4ledsive 1463 267w 188w -172esn 650smm 460w 35
-145. 097200 1.20:0m 1.30:00 - - - - - - - - -
663.67smx 043507 0.56208 062:0m | 988932100 0470w 020sm  03Bsn  Odlaw o 1S Alssn 152esw 157w
1645900 098500 1495010 11750, 126500 | 16804500 097:0m 1495010 L17z000 11000 | 167140018 09750, 1495000 117200 0985002
GTOPX 3
2288451
217561250 095004 1062008 1.00002 1.02:4003 217445852 1062008 1.00£002 0.98000 -219.501641 095004 1.064000 1.002003 095004
5177300 021k 0.25200 0.23 5005 0245006 | 38192515 0231001 0205006 01950 | 42779508 0.17z00 0.224005 0.19:001 0175000
22884n%  100s0m 1002000 1.00z0m 100s0m | 228841000 1002000 1002000 100000 | 22884235 1001000 1002000 1002000 1002000
L66e3sae  -3.02:in 550500 -390 432:0m | -294.20:3020 124615 B65iweu  T87Tsur | 29416swn  -428ses  -806iwx  5.5%mm  429:ms
475e3usme -Lldsas 17000 -136sam  -146ssn - - - - - - - - -
8,296 1.0 w -L02edsave  -102edsav  -1.02edsave | 450e6sim -L6ledsiss -162edsisn  -l6ledsrgns  -16ledsrsis 6.73edsians -6.T3edsins  6T3edbians -6.73eds1ns
Trimentoring | 140225105 0955000 144200 115200 123205 | -140002m 096200 1452008 1152001 108200 096002 1.4520m 116200 096200
Task GTOPX 4
f(@orr) 32250410
ARCOO | -38393:iw 07450 080200 0772000 07820m | 40432cm0 066500 072200 069200 0680 | 3924340 0.6ds0m 0.70s071 0672072 0641072
BO 441365826 0.0110m 0.01:0m 0.01500 001som0 | 541095200 0.00z00 0002010 0002000 000500 | -437.0200m5 002200 0.02:0m  -0.02:0m  -0.02:007
CBAS 3225041 100s0w 1002000 1.00:0m L00s0m | -32250:108  1.00:0m 1005000 1005000 L00som | -32230:108  1.00s0m 1.00:0m 1002000 1005000
L09Ssaiss -369.665wmn 59434smm19 455 4Lirwn -49430ssn | 7.72e6s1m  -585e3soma  9.TTedsimes T3ledrima -676e3rinms | 3AleSsions 492e3irssa -8183rimes -615edora  -494e3ireen
9153 -1.92:am 3500 2dlkam ass - - - - - - - - - -
-1.22ed4 72955mn  T25Tsmw  T28lemw  T274ema | T.64e6s20a L06e3sames -1.06e352mer | -6.65edsises  -6.67e3ims  -6.67e3s1res  -6.67eIrmes 6673 x1mmes
541875 016413 0.28: 160 021510 023500 | 5424250605 0145150 01351u | 557835500 008510 0.16518 01115 008415
GTOPX 6
-142.0910%
14275508 0.99:0m 0.99:0m 099000 099000 099000 099500 | 14290205 0.99:0m 0.99:0m 0992000
161 785mm 0631005 0.67:0m 069100 23 0651002 063:0m | -16735:mm  0.59:0m 0.72:0m 0.65:002
14209200 100100 1.00:0m 1.00s000 | -142.09:00 1.00z0m 10000 | 14209200 100000 10000 100200
2122050 003500 0.03:05 004z0m | -257.12cmn  -0.14s0m 016:0m  05tom | -1985lewme 00700 008210 -0.07+0m
15286557 0.8810m 0.90:0m 091200 - - - - - - - - -
119.09:m0 0780 0.94s014 L0206 | -12376sma0 078200 095015 089501 | -13260:m5 07601 1202025 0932016 076:0m
Trimentoring | -156.94+750 76312205 748121 7.5 0% -7.54:n0m -157.481801 <7.69+2216 <7.62+219 <7.6452218 -157.0817.00 <1 71e220 -7.5642225 -7.641222 17120

Table 17: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps t =50 | t =100 | t =150
GTOPX 2
2181240
S SI o1 SO S0, S SI o1 R S sI or SO S0,
21150500 096100 1045000 100200 10lcom | 21234105 0.96:0m 104000 1005000 21126505 096100 1042000 1.00:0m 096003
367.62:55  0.05100 005501 0.05:010 005500 | -33332ems 0.05:0 005500 005008 36047200 0.04100 0.042007 0042006 0042006
2181200 1.00s0m 1005000 1.00:0m 100:0m | 2181241 1.00:0m 1002000 100z0m | 2081200 100500 100200 10000 1002000
99,1927 0102065 015512 0.12208 013505 | -3.92e3s0m0 TA2a0 5Oless  ASTaam | 7.553rimes 1103w 2095swe  -14ddsam -11061mw
14645550 096500 1425002 L1400 122400 - - = e - - - 5 =
272392100 0.65s0m 08403 0732031 07720m | -268244mn 077200 067208 256.685m  0.57:00 0.752050 06520 0,580
1739450 -14.90sus  -1459i00  -1478sam 147200 | -175435u0 146802 -1486:02 175,87 538 4T1sen | -1489:0m  -1501san
GTOPX 3
1715450
A72310m  0.99:0m 1.002000 099001 099200 | -172.10500 1.00:0m 0.994001 099200 | -172.02407 1.0020m 0995001 0981002
377.492mm 04000 04020 040201 040s0m | -574.87 207 0461007 046w 0450w | 50879105 048s00  04Tsos 046200
70540 1.00s0m 1005000 1.00:0m 100:0m | -1715450m 1.00:0m 1002000 100z0m | -171.5450n 100200 100000 1005000
39dedismn  2799:wn 4435esess MA0san  -3691sies | 69061 B487eun  2563sum 2364 33,0821 24261mn 1779z -14.18
B093ram 30440 386+ 340sma  -3Sdrom - - - = & - - : =
8.55e6sam  -LI8edsases -l18edsaones  -118edsanies  -1.18edsacis | -8.96e7s: -6.95eAsims  -695¢4sines  6.95edsires -6.95edsizs | -1.13eBamer oo 4.88eSeiim  ABTeSiiims  -48TeSsiime
1369050 092s00 1245000 10620, Lilsow | -1362655m  092:00 1.2550m 106200 L0Lson | -132640m 093100 125200 1.06z0m 0931008
GTOPX 4
24161410
02410 025507 02420m 024s0m | -427.10cms 007212 0084112 007112 007ci | 415590ms 00241 0,032 120 003121 0024126
L00z0m  -1OLsaw  -100som  -100s0n | -591.69suex  -094sors  095s01s  094sas  -094sors | 787.97swor  089:0m  -091som 0.90z0m 0.89:
1.00:0m 1005000 1.00z0m L00s0m | 241611 1.00z0m 1.00:0m 1004000 100z0m | 241611 1005000 100200 10000
T2Te3simes 96deIirn  B28eIbimet  -8.693s20mes | 246eSirns -33Tedsrres  585edsimes 42Tedsomes -393ehiomes | -579Somes  S.M0edsims  -895edirims -6.49edsisies
S5.63sen  563ren -5.63tma -5.63twu - - - 2 e - - - 2 2
26720sme 04810 071505 05720 061102 0305210 03550 034sass | -137eBsama 272400 244725
Trimentoring | -501.55:a522  -031sies  034ea 03320 -033s | S 0435215 045em  0Msaa | 5217602 05200 050521
Task GTOPX 6
J(@ber) -121.4850n
ARCOO | -12223:0m  0.99:0m 09920 09920m 09920m | -12230500 0.9920m 099200 12234500 0.99s00 0,990 09920m 09900
BO 18251sum  0.42z00 0432006 043200 043500 | 1746721685 04240 042400 18330smm  0.41som 042200 04110 041100
CBAS 12148508 1.00s0m 1005000 1.00:0m 100:0m | -12148403  1.00:0 1.00:0m 1004000 12148500 100s0w 100200 1.00:00 1005000
CCDDEA -132.9643693 -0.09+079 0.12:125 <0.104097 0.114105 -207.18£12 0.082040 0.142074 0.102052 -208.17 11956 0042044 0.07 2081 0.05057 0.04204¢
CMAES | -151.034 0681000 0,680 0682007 068100 - - - = : - - - 5 =
TTDDEA | -263.52:2 299105 272eow  288sew  284ses | Ll9%dsawa  227usm  207sex 224z 226k | -13le3sama  S84sus  -658sun  -618ine 584w
Trimentoring | -150.42:ns  0.60s00 0.66.1005 06305 064201 | 1495251078 0595008 06420 061008 06000 | -15044500 058100 0.64:00 06110 058004
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Table 18: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the

optimal value. Details are the same as Table 5.

Steps | t =50 t =100 t = 150
Task GTOPX 2
f(@brr) -175.102075
Metric 3 sI o1 SO 50, S sI [ SO Fs sI o1 50 S0,
ARCOO | 1756900 0.99:0m 099200 0.99:0m 099:0m | -175.68505 099100 0.99:0m 099:0m 75700 0.99:0m 099100 0.99:00 0.99:001
BO 3748917419 -0.621015 -0.621015 -0.621015 -0.62+015 -372.2512205 -0.66011 -0.66-011 8245012 -0.67 009 -0.67 <009 -0.67 1000 -0.67+009
CBAS 175104075 1.00:0m 100:0m | -175.10407s 1.00:0m 1.00:0m 17500075 1.00s000 1.00:000 1.00:0m 1.0020m
CCDDEA | 31767526110 04150 045501 | 19935100 3556 254%am 203 438srm T69ensn  55Twwm  4.39um
CMAES | -142.8945 1.08001 113200 - - - - - - - - -
TDDEA 864ine  864ine | 323edrina (1387ses -1388swn 1388w | -390c3asna  -177dsww  -1773mew  -17T3swe  -17.Tdswn
Trimentoring 10620 L1200 | -147565051 1245005 1.06:0m 10lsom | -149875s  0910m 123200 105 :0m 0.92:0m
Task GTOPX 3
f(@orr) -134.832050
-135.91 1068 0992000 0992000 0.99:0m 099000 .99£000 0.99:0m 0.99:000 0991000 -135.932000 0992000 099000 0.99:0m 0.99:0m
361.59s0s  -L36ron  -136sox  -L36sea 136k X 134021 1345021 13420 L34z | 37663:m  -135w0n 35:0 -135s0n 13550
-134.83 1056 1002000 1.002000 1.00£000 1.00£000 -134.83105 1002000 1.00£000 1.00000 1.00-£000 -134.83105 1.002000 1.001000 1.00-£000 1.00000
473eScies -L13edsana -L193iama  -ll6eBsama -117edsame | 62327410 -54741sima -67237cima  -60L67+imea  -S8266513 | -627.90sin  36442:mmn  44825smmm  4007T5s0mut 3648555
1723000 082em  088sm  085:m  -086:m - - - - - - - - - -
499¢Tsioes  212eSesies  212eSisies  202eSasies  2.12eSssies | T7%ebri  -3.52eSinams  -3.52eSinaes -3.5%eSinmes -3.52eSsaames | -1.20¢Ta200  -265¢6s0mes  -265¢620men 2656200 2656202800
Trimentoring | -135.22636c  -1161snm  -1151swn  -1156zwm  -1155euos | -13470esss  -10L67+u2n  -1158ux  -1163smas  -1164suae | -13342000s 11695 -1160sun  -1165:wa  -1169:u0
Task GTOPX 4
f(@er) -102.96202
ARCOO | 41923:mes  -0.02:0 002:0m 00207 | -50651cemm 06251 0.6251m 062eim  062em | 527405000 0965225 B 0965225
BO -479.81 113013 -1.841028 -1.841020 -1.84028 -587.99+; -1.77x02 -1.77x021 -1.77 4021 -1.772021 -565.72+ 140223 -1.741015 ~1. 742015 -1.741015 -1.741015
CBAS -194.03s08  1.00s000 1.00:0m 100s0m | -19403:0m 10010 1.00:0m 1.00:0m 1.00s000 19403505 10000 1005000 1.00:0m 1.00z0m
CCDDEA -1.47e64380c6  -753.87coms -852.62:104e3  -893.18412009 | -3.69e616126  -4.23e3i6053  -5.35€3i7447  -4.72e3s0678  -4.55€3s0461 | -2.99e61a206  -1.03ediizmes  -1.27edsimies  -l.1dedsrisies  -1.03eds13e
CMAES | 8.11e3saoes  -251sen 2 2Sleen  25liem - - - - - - - - - -
TIDDEA | -276edssswes 4150500070 4162851070 4156321 415845100 | 8.57edsams  -842.77u21s  -845.93:210  84425inisen 84375521500 | 26dedsonses 676320108 68034s10000  -678.20:160
Trimentoring | 42230s10m 07510 076sin  075mm  07T6ms | -45920:0n  08Tes  088sm  -088sim  -087aim | -50103smsa  -1.05cis 07z 1062195
Task GTOPX 6
F(@hee) -194.03 208
ARCOO | -10627 0982001 0.98001 0.98 2001 098200 | 10764550 096200 0.9620m 096001 096200 | 10799456 095200 095500 0.955001 0.95 2001
BO 1615020 0010 0,010 0.0150 00Lsom | -184.045m 0022008 0.02:005 0024008 002100 | 1672350 00200 0025006 0.02:00 0.02:0
CBAS -102.962029 100200 1.0020m 100:0m | 1029650 1000 1.00z0m 1.00:0m 100s0m | -10296502 100500 1002000 1002000 1002000
CCDDEA | -129.25:as 02720 0.19:021 021s0w | 679351 -15300wa 3028580 2034sm@  -1838smu | 67930 30.5%ww  -6050sms  4063swnn 30682
CMAES | -149.68175 0332000 033200 033100 - - - - - - - - - -
TTDDEA 2n 0,032 O0d7:m  -003saw | -13431sas 0.05six 0275135 0.14412 010412 | 1590025 0.1310m 0314002 0.205085 0.13:0m
Trimentoring 1788i36s -17.88s3ss  -IT88mes  -1788unes | -13379a20  -1800s7s  -1800::  -18.00em3 1800 | -1338852m  -18.04smn  -18.04 -1804:mm  -18.0453m

Table 19: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

Steps t =50 t =100 t =150
Task GTOPX 2
f(@er) -136.28:00
Metric s st S S0, St o1 R S0, FS SI o1 S0 50,
ARCOO -137.651047 0981000 098000 0.98000 0.982000 -137.61 1047 0981000 0.984000 0.98000 0.982000 -137.641044 0.9840m 0981000 0.98000 0.9840m
BO B4541sw0 LT3 1731016 73 | 42587Tsesn -L72:on -L72:n -L72sen 17200 | 37123k -173s0m 17320 Lo -L73son
CBAS -136.28100  1.00s00 1002000 100:0m | 1362850 1.001000 1002000 1002000 100000 | -13628:00  1.00z0m 100200 1002000 1002000
CCDDEA | -289.62¢ima 0655201 058423 055023 | 55727ss0m  099s1m  -l4Tse LISk L0913 | 55340ssms -lA2eise  24dnw LT7Tsan 142
CMAES | -139.68+0s 09000 0.93:005 0932005 - - - - - - - - - -
TTDDEA | -342.66510m 21252 220 - 481850m0s 25020 285135 26541 26050 | 447 38swn 290ss 3365 30940 29045
Trimentoring | -13896:15 091100 0.942008 095200 | -1393350n 09001 0.97s005 0.93008 092:0m | 13993555 0.90s0m 0962005 0.93:0m7 0.90s00
Task GTOPX 3
f(@er) 102692000
ARCOO | -104670m  0.97+001 097 5001 0.97 300 X 1047050 0.9750m 0.97500 0.97 000 097200 | 10497510 0.97:0m 0.97 5001 0.97:0m 0.97:00
BO 307640 266s0m  266:0s  266k0m 266504 39,8612 26ls0m  26lsm  -26lom 2610 | 312772105 273som  2T3em  2T3s0m
CBAS 10269500 1005000 10020 1.00:0m 100z0m | -102.69+00  1.00+0m 1.00:0m 1.00:0m 100z0m | -102.69+00 1.00s000 1.00:0m 1.00:0m
CCDDEA -8.22ed1213s 2471555017 -260.5245m5s  -253.404s6121  -255.68456501 | 1533545000 -102.91simwe  -155.07450204  -122.594m747  -115.2252070 | -170.4147s5  -68.45125  -103.11007 8152415102 -68.594 1215
CMAES | 14434 484s 484ruw  ABdsww  48diuw - - - - - - - - - -
TTDDEA -2.48e6.13. -397edisier -39Tedisises  -3.9Tedisises  -3.97edisiies | -4.28eTiomier  -4.5Te5 a0 -4.57e54a39s  -4.57e514395 | -1.91e8rames  -1.286116%0  -1.28e6r10mes  -1.28e6416%6  -1.28e6.1 1656
Trimentoring | -136.98 05620 0.5750m 0.57:0 057:0m | 1450350 049400 0.50:020 050200 | -15451wn  0ddson 0441001 0445000 0445000
Task GTOPX 4
Faer) 153,620
ARCOO | -33523:um  -124u0m 124208 -12450m 124505 | -337.831um 13205 132%0%  -132e0s | 3397557 35 1350 13540
BO 533720 -3.5leus B5lsss 35lk0s BSlsoss | -534ddzann 336206 -3.56s0,  3.56tas | 47134 -3.58:0a 358200 358100
CBAS 153.62:00 100500 10000 1.0020m 10000 | -153.62500 100200 1.0020m 10000 | -153.62500  1.00s0m 1002000 1.0020m
CCDDEA | 2.60e3s10w  -466.30:s21  -478.11sssaos  47164sssaor 47366550 | -104eBrass  3.75Seummes  -3.86eSsusses  -3.79Skuiss  -3.78eSeuuss | -163eTeaner  -3.92eSsnsies  4.13eSerans  40leSsrsns 392051768
CMAES -333.461549 -0.52:022 -0.52+022 -0.52402 -0.52+022 - - - - - - - - - -
TTDDEA | -7.90¢ds20s  -369.40:00m  -36991sousor  -369.614swor  -369.70s0esos | -L1leSsames  -2.80e3srua  -280edsras  -280e3srans  -2.80e3srana | -L1deBsans  -230eSsoims  -230eSs0ms  -2.30eSsems 2305501
Trimentoring | -356.751923 -1.19:028 -1.194028 -1.19:028 -1.19028 -362.7141437 -1.302028 -1.304028 -1.304028 -1.30+02 -372.424128 -1.374026 -1.37 026 -1.37+026 -1.374026
Task GTOPX 6
J(@her) -83.3720m
9707205 088100 088100 0.8820m 0882000 | 97.901ms 0791015 0.79:1015 0795015 079205 | 9076w 07610 0762018 076501 0.761015
-162.46 0780 078z 078som 08201 0820 -082%0m 082:014 | 17409410 08201 -0820n 0820 -0820n
-83.3740. 1002000 100200 1.00:0m 1002000 100200 100:0m 100200 1.00:0m 1002000 1.00:0m 1.00:0m
23d6smoe 07900 -Lldsis -0.9240m 15149563 072:0s  -Lldsos 0882001 0.82205 0655055 099507 07805 065108
148320 -0.30:0m s 0.30s01 - - - - - - - - -
0.082055 007055 002101 1665656 0295 01926 025k 0274110 086s10  078uw  08me  086si
Trimentoring 870sms  87T0sms B 13806505 879:mes  879emes  B79ames 879 882:mm -8R 882:mm  -882emm
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Table 20: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near

the optimal value. Details are the same as Table 5.

t=50 t =100 | t =150
GTOPX 2
275.2742u
FS S o1 SO 50, Fs SI o1 SO S0 Es SI o1 S0 SO,
-267.52:+2110 0981003 1.012005 1.00£001 1.0000 -265.67 12750 0.97 2004 1032007 0.99:00: 0.99:00 -264.7612986 0972004 1.035009 1.002003 0.97 2004
348940 Oddson 0,550 0490 05lsom | -34620sma 045500 0.57 1005 050001 04800 | 4065541 0.4dsom 0.57 5005 0.50:005 0441001
275274234 1.00+000 1002000 1.00£000 1.00£000 -275.27423 1.00£000 1002000 1.00£000 1.00000 -275.27 4234 1.00£000 1.00-000 1.002000 1.00+000
302874mm 064102 112202 081s017 09020 | -876.36w132 020500 0371085 026106 02405 | 7245850 -002:0m 020414 U506 0.12:0m
-148.50.03 156200 120200 1305001 - - - - - - - - - -
254.56.05.5 1.02:06 0.78:05 084z00 | 217095505 06650 109404 082104 07600 | 229.69:en 0711010 [RE 0872021 0711010
Trimentoring | 19751507 (19.974%00  2019ss0n  20.03us0s | -19625:0w  -20A4ssses  20084s0m  -20.30is7 2036+ 19706500 2048550 2001ssew  2034usew 20481575
Task GTOPX 3
F(@ber) 28 843400
ARCOO | -22394ssw 095100 103200 100z00 | 2256840 094z0m 1035000 0981002 097:om | -22321ssw 094300 103200 0982002 094200
BO A75.00:m 01850 0.22:016 021501 | -359.855m0ss 017200 022018 019011 0.18:01 | 35826007 0.17s0m 02250 0.19:010
CBAS 228,84 100200 1002000 100:0m | -22884sas0  1.0020m 1002000 1.00:000 100s0m | 228845300 1.00s0m 1.00:0m 1002000
CCDDEA -142.24 14973 -1.45532 2. 734609 2114470 354.49 147896 -0.5616 ~1.06+308 0734213 -0.67+194 352.68+47.3% 0334130 -0.62: 0431170
CMAES | -I3158:0s0  0.97:00 1492000 126500 - - - - - - - - -
TTDDEA -994.64.11.203 -3.824104 -3.70£1049 -3.7611045 -3.78edrates 9604123013 -99.46:2916  -97.4312972 -96.93:2087 | -4.31e6x1097  -1.38e3i265  -2.03€34424 -1.63e343250
Trimentoring | 15289500 3066:0e  -3021snm 4007 | -129edsane 4021ssis  -4486svas  A204swsm  4136sum | B2ledsni  -55.73tmi  -68.80+r -60.87 150
Task
I @orr)
ARCOO | 3252115 0995000 0.99-00 0.99:000 0920w | -325.57410 0.99:0m 0.99:000 0990w 0.99:000 0,990 099200
BO 691495020 0000 000s0m  -000s015 0005015 | -598.96:77 0.07:0m 0.0720m 00700 0.09:0m 0.08:007 007100
CBAS 32250500 100s0w 1002000 1.00:0m 100z0m | -322.50s108 1002000 1.00:0m 100200 100:0m 1002000 1002000
CCDDEA | -52846ssus  6.76:0  -1200sms  863enn  953cun | 2625536 575630130 -5.22e3 41200 37230 680341 47863z -3.73edirna
CMAES | -310.86:i600 087400 104200 0.95:0m 0985008 - - - - - - - - -
TTDDEA | -698edsizms  -413.64sm1i2 -509.27smis0  45644smem  -472994mm | -1.03eSsa0ss  -6.7063s1mer -8.09¢3s20ms  7.3363simmes 7.12e3s1sme0 45de3iue 5483 sines  A96eBrizns  4.5dedsiise
Tri 3726750 06110 0.89:001 0.73:0m 078200 | 3761458 058500 0841008 0.69:0m 0.6520m 05750, 0.83:0m 0.68:002 057100
GTOPX 6
-142.09509
14267500 0990w 0.99:0m 099:0m | 142805050 099:0m 09910 099:10m 09900 | -142910 0.99:0m 0.99:0m
164265 w0 0631008 0.67 2005 06920 | -1555152s0s 0595002 0651002 0630 | -17 0.7150m 0.64:002
14209500 1.00s0m 1.0020m 100:0m | 14209505  1.0020m 1.00:0m 100z0m | -142.00. 1.0020m 1002000
8.05cumes 0.06502 0.08:03 009208 | 7563255 1072150 L37sa 126k | 6833840 35dssm 2Sle
15591ss3 08800 0.88 2001 0881001 - - - - - - - - - -
1203750 077100 . L0dson | -110.0722 0772018 125502 095010 088017 | -12115:mm 0775016 1252020 0952010 0771016
Trimentoring | -1517820s 084501 0.89:011 090200 | -1517800m  083:us 093200 08702 086:0n | -15107:s%  0.83s015 0.92:0m 0872012 0831015

Table 21: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps t =50 t =100 | t =150
GTOPX 2
218,124
FS SI o1 SO SO, FS St o1 ) S0, FS st or S0 S0,
2186500 100s0m  100:om  100s0m  1.00s0m | 21892515 0.99s00 100200 0.99:0m 099:0m | 21906520 0992000 0992000 0992000 0.99:0m
327320 0090w 0090w 0090w  0.09:0m | -34340sses  0.09100 0.092007 0.092007 0092007 | -367.06:73 0112005 0.112005 0.115005 0.11005
218.12:0m  1.00zom  1.00zom  100zem  100son | -218.12: 10000 100500 10050 100s0m | 218125 1.00z0m 1002000 1002000 1002000
20814555 0Sleozm  090son 065k  0.72s0m 595:am  900smis  TASeies  -67lsiss | 82408smn 465mm  T25:nm  5.65im  466ses
147,104 0965001 14300m  LlSsom  123s0m - - - - - - - - - -
2988911036 05320 06700 05906 06lioss | -28102:mm  Oddion 0.602052 051201 04850 | 30622005 0.42:0u 059205 049208 042501
Trimentoring | -167.8550s  -34.71ses  3436ze0s  3457smn 345lien | 16724sum  3489s0n  3S5S5ien  MT5ies 3480sen | -166.62:n0  3495:ew  3460ses  348lies  3495:aw
Task GTOPX 3
F(@der) 171.5420m
ARCOO | -17249:00  099:om  099:m  0.99z0m  099:0m | 17251z 0995000 0.99:000 0.99:000 0995000 | 17255205 0.99:0m 09900 0.99:00 0.99:000
BO 4343206 043s0n 043200  043zon  043zen | 40170sma -043zu0s 045200 044008 Oddzoo | 36491so1s  -043s0m 0452000 04420 043500
CBAS 17154505 100s0m 100som 100z 100s0m | -17154s0m 100100 1002000 1002000 100s000 | -17154s0m 1000 1002000 1002000 1002000
CCDDEA | -268.55:wss9  021u1ss  0.39a20  027s20 030225 | 506713 06821 136236 0914207 0.82:23 | -61153sm00s -0.831215 166542 “L1ls2ss 0832216
CMAES | -13442:00 09550 127500 1.09:0m 114200 - - - - - - - - - -
565310 5580400 5560410 -55.T3sr0n 55,6941 | -3.67ed S113265mm 1135550 -113.36m0s -113324m0 | -130c6517ms  -3.60e3s0me0  -3.64e3 s 3.62eB20ma  -3.60e3s0mer
Trimentoring | -148.48505 09010 Li8som 102 107s008 | -147.90055 090000 1185007 1024008 098100 | -146432000  0.90:006 1182000 1022008 0.90:00¢
Task GTOPX 4
f(@oer) 24161215
ARCOO | 24301t 099:om 0990w 099%om  099m | 24354s2 0990w 099200 0.99:0m 099:0m | 24380s1s 0995000 0992000 0992000 0,990
BO 65630205 0.71son  0Tdsoxs  0T20m  0T3s0m | -66610sus 077502 081202 079202 078202 | 4564025 -0.73s014 0775014 0752014 0732014
CBAS 24161s1w  1.00z0m  1.00zom 100w 1.00:om 416100 100200 100500 100500 1.00s0m | 24161 1.00z0m 100200 1002000 1002000
CCDDEA | -839.42+e2% -14.642102 206807  -1693205  -17.98+0m 259.945u01s -363.51eamm  -302.38amss 287.06:w08 | -1.87eSsress  -5117622m7s  T14.61omes  -595.165mss -512.71smmn
CMAES | -306.56cun  059:o1s  0.59s00s 0592005  0.59s00 - - - - - - - - -
TIDDEA | -178¢3sawa 052000 -057s0 05547 -0.56s2m 65550 -7.90. TATs0  -696s0m | 4023soma -1000smm0  -1220umes  -1106s0m  -10.11snm
Trimentoring | -321.25:04  -2028:u0  2020ssm  -20.25:um  2023ssim 2044552 2036ssn  2040ssas 2041essa | 323.08swm  2049sssn  2041sssis  2045issa  -2049is5m
Task GTOPX 6
f(@orr) 1214820
ARCOO | -122.10:000  099:0m  099:0m  09920m 0990w | -12223:0m 0995000 0.99000 0.992000 09950m | -1235853w 099200 099200 0.99:000
BO -18761c0m 043s0m 043:0m  O0d3:om | 200ddsns 04200 043005 0422005 0425005 | -159.63110 0432000 0432000 0422005
CBAS 12148503 100s0m 1000 100:0m | -12148:03 1000w 1005000 1004000 100500 | -12148503 1000 1002000 1002000 1002000
CCDDEA | -147.79:505  0.1240 01550m  0.17:025 | -566972eme 08111 129510 099210 092413 | -562955mss 1594210 25951 1962201 1595217
CMAES | -15231sasi 066500 06600 0.66:00 - - - - - - - - - -
TTDDEA | -109.75:0w  0.75:0m 0910 098:0m | -11007:m0s 075200 118502 092501 085:on | -113.0820r  0.73:01 11802 0.90:018 0745014
Trimentoring | -142.89210m  -18.68+2100 18665sm  -I18.65cam | 143085 18800 -1876sas13  -1878sasn  -1879:asu | -14390sinn  -1884sasis  -18.80smn  -I882uasis  -18.84sas
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Table 22: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value. Details are the same as Table 5.

Steps t =50 | t =100 | t =150
Task GTOPX 2
f(@oer) 19544213
Metric F: SI S0, FS SI o1 S0 S0, FS S0 R
ARCOO | 196031155 1.00z00 100s0m | -1962321s  1.00z000 1.00z0m 1.00z0m 1002000 | -196.32150 0992000 0.99.000
BO 390.142m0 022500 022:008 | -387.525075 019200 0192000 019006 0.19:2000 | 4593810144 0202007 020000
CBAS 19544513 1.00z0m 1002000 | -1954415 10000 1.00z0m 1.00z0m 100000 | -195.441 100000 1.00z0m
CCDDEA | -181.6324 0565012 08000 | -1.03e3zemss  -0.38:0m 0.70:170 0492120 045510 | -1.03e3zs1ss 1642207 1272152
CMAES | -142.96:5  095:0m 118200 - - - - - - - - - -
TTDDEA | 270.75:es  0.37s0n Odlsow | 2549900 037 04403 040032 039500 | 25220020 04102 048203 044207 04102
Trimentoring | -159.09:w11  -12.38xm 12185052 | -160.89:mn  -1245ssx  -1203sms0  1232swe -1237Tsse | -16020sms 1247w -12055ms  123dwe 12475
Task GTOPX 3
Fl@ter) -151.85200
ARCOO | -152.59:0m  0.99:0m 092000 099000 | -15279:0s 0992000 099000 0.99:0m 0990w | 1529800 0.99:0m 099000 099000 0.99:0m
BO 3.052sm 084201 084s01s 085018 | 40186mm 0835010 084201 083014 083s010 | 40674z 085201 0862011 0852011 08501
CBAS 15185500 1.0020m 100z000 100000 | -15185:0  1.00:000 100000 100000 100000 | -151.85200 1000w 1002000 100200 100000
CCDDEA | -5.99%ds1sms 672405 Bddno  924rnis | 21502emu  558ine  94Tewes  T03snw  -6482nmw | 21507sea  363en 6d6ins  4S5Tsem 364475
CMAES | -129.66575s  0.95:0m 105:00  1.09:0m - - - 5 - - - - s 5
TTDDEA | -187.445uss 036101 047500 053+0s | 298e3usa 088410 1192200 10141 097415 | 4.2e6sima 93183 -1.22e352ma  -106€3ava  -93327:axa
Trimentoring | 1504144 -57.98+9 579540 5794wsmn | -15044se3  5829ssmm0  -5823emas  -5826swm  -5827Tswm | -149.05:ns  -S8.39sms  -5833ewss  -5836kmm  -58.39imm
Task GTOPX 4
f(@oer) 11211200
ARCOO | 21688+ 099:0m 0990w 0990w  0.99:0m | 21734sis 0990w 099000 099000 0995000 | 2175450 0.99:0m 099000 0995000 0.99:0m
BO 69838 -Lldson  -Lldsoxn  -Lldsoas  -Lldsoas | 5040000 -118sous L1801 -L18401s L1801 | 42032eims  -L19:0n 1192012 1192012 1194012
CBAS 21574sus 100s0m  100s0m 100200 100s000 | -21574sum 1005000 100000 100000 | 2157450 1.0020m 1002000 1.00:000 100000
CCDDEA | -425494m0m  749:ns  -1181inn 913210  -9.88sme | -1.95eS20s 5940847258 -SOL16sasrs 4778100 | -9.80edsios  -614224s0im  -819.T1srines  -699.98sommss 61521 smssos
CMAES | 3175lsso  033:0m  033:0m 033200 033200 - - - - - - - - - -
TIDDEA | -570.92ems  -1162m 1034377 -Lllan 108w e 3004k 88474 2.9648m 297usm | 542450 398:um  -385inw -393sna
Trimentoring | -300.762010 29182515 291625155 29.174mss  -29.1745155 | -300.24 29390 2938w 2939ssm  29.39ssim | 299.5dsesrs  2946usis  2945usise | 2945ksise
Task GTOPX 6
F@her) 215745118
ARCOO | -11271s0ss  099:0m 0990w 0990w  0.99:0m | -1165320m 099001 099001 09900 099500 | -114.635s0  0.97:001 097008 097004 0.97 001
BO 7004505 0230w 0230w 023s0m  023s000 | -187.782we  023: 0232005 0232005 0235005 | -174.632225 023001 0235008 0232008 023500
CBAS SU2000m 100s0m  100s0m  100s0m0  100s0m | -11211s0m 1002000 1002000 100200 100000 | 11200205 10000 1002000 1.0020m 1.0020m
CCDDEA | -173.75:000 0120w 0.19:05  O.l4soss  0.16:0w assa 903ass  -1373emm -1086sma 1018402 3asws -18.08sm0  2754sum  21T5kes  -18.12:um
CMAES | -15522i500  049:0m 049200 0495006  049s00 - - - - - - - - - -
TTDDEA | -14747:08 022105  0.37:05 02800 0302004 | -16140:m06  0.20:05 035500 025500 023206 | -17932:92 017108 030505 022507 0171062
Trimentoring | 229.02:x01 141035 1400203 -14.00s203s 141 1eo0ss | 1594820508 -13.3842008  -13.38me 133826 -1338smes | -148.71sss0  -1296:20m  -12.96:0s  -1296sa0m 9

Table 23: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps | t =50 | t =100 | t =150
Task GTOPX 2
J@opr) 175102075
Metric Fs s1 o1 SO 50, Es sI o1 SO 50, FS s o1 SO S0,
ARCOO | -17584z005  0.99:0m 0.99:0m 0995000 099:000 | 176075105 0995000 0995000 0995000 099:0m | 176225100 0.99:0m 0.99:0m 0995000 099000
BO 42901 05605 -0.56:015 0561015 -0.56:018 | 3562945 0580 058sr 05820 | 38535pises  0.59:0m  0.59:0m 0590 059
CBAS 175005075 1002000 1.0020m 1002000 1002000 | -175.10:075 100000 1002000 100000 | 175102055 1.00z0m 100000 100000 100200
CCDDEA | -17633sms 0. 0322006 0240n 026507 | -131e3sina 2sus  165:us  LS4man | -1S5Sedsane  Bd2ssw A97sm  383am  B3ss
CMAES | -139.70si5 09 126:0m 1.08001 114200 - - - - - - - - - -
TTDDEA | -282.14s50 009200 012500 0101061 Ollsos | 2662552  0.10s00 01150 0.11100 0105007 | -269.60z09 011z 01203 0.12:10% 0110
Trimentoring | 4.21e3s10s  60.1550s50  -59.97s0sm 6007405 -60.04snsse | 431e3kiio  -60.624005  -604dsones  6055imm  -60.58£mms | -5.25c3sises  64.03iisie -6385kisas 639581519 -64.0320s06
Task GTOPX 3
J@oer) -134.83205
13575500 0.99:0m 0990m 099:0m | 13612500 0910w 099100 0.9:0m 099:0m | -13623506  0.99:0m 0.99:0m 0990 09920
380205018 122500 1220 -122:06 | -33279:e  -128:an  -128san  -128s0m  -128s0 | -3054lews;  -124s00 124w -124sn  -124s0n
134 83105 1.00:0m 1.00:0m 10000 | -13483s05 10010 1002000 1.00:0m 100s0m | 13483505 1.0020m 1.00:0m 100200 1002000
15474200 1099:nsr  7.59:um  -848swess | 32378emers  -30lssw  S7sus -395:m B58sn | 32366:mm  226:as  430ssw  296zem  227sue
13181620 10300 0980 099002 - - - - - - - - - -
2126503 0085107 008s5 003z | 6673 580w -623sws  -598k0m  -592:wm | AISebiima  -5.09€3siue -5.04e3iiiee -S.ledsimes -5.09e3iiim
138265146 0.99:0m 092300 094s00 | 14050557 084008 097001 090005 088005 | -13981sass 0830 0.96500 089100 0831008
GTOPX 4
194,03 208
19514500 0.99:0m 0.99:0m 099:0m 099200 | 19545500 0910w 0990 09900 09900 | -198955s  0.99:0m 0.99:000 0991001
580.82emm  -1.78:0m 178503 1780 -178am | 49192:m0n  -169:me 169z 1690 1695016 | 4962953500 1692016 1691010 1692016
-194.03 01 19403508 1.00s0m 1.00:000 100500 100000 | -194.03:0s  100zom 1005000 1.00z000
460.90:5170 2 20deSams 4208550 0936214 524884015 48538sos17 | 322ebu7aes  472e3rrons -6.14e3s1anes 473351001
3245:06  0020m 00200 00200 -0.02:m - - - - - - - - - -
2780460 010205 0145047 0.12:00 0.12:00 | 29684190 0.13:0m 0.1710 0.150% 0.1450u 0,150 0.1850m 0.1550 0.14:02
Trimentoring | -325.30:7520  25.89:u5  -25.90:uss  -25.89iuss  -25.90suss | -32832emn  -26.09:u% 105075 2609:urs 26092075 261550 26.175um  26065un  26.155un
Task GTOPX 6
f@her) 102962020
ARCOO | -103.69:00  0.99:0m 0.99:0m 0995000 099:000 | 10379503 099:000 0995000 0995000 099:0m | -109.1651  0.980m 0985003 0985003
BO 17647500 00220 0.02:00 002005 002100 | 18456501 002100 002100 0023005 0025005 | -178.5320sm  0.02z00 0023005 0022005
CBAS 1029650 1.00z0m 1.00:0m 1.00:000 100s000 | -10296:0  1.0010m 1.00:000 1005000 100000 | -1029650  1.00z0m 1005000 100000
CCDDEA | -152765u60s  0.10z021 016505 0.12:026 01330m | -Llledsiws 235w 385:em  292sm  27lsaw | -137e3nne 5284 65600 53011
CMAES | -155.62540 02801 028500 028100 - - - - - B - - 5 -
TTDDEA | -156.03:ms 002500 0.06:02 003107 004s0m | 122235035 007505 025507 020:06 019505 | -11843200 02900 042105 035100 02900
Trimentoring | -3.18¢4ssiei 418200100 41851ci0i 418368100 418415100 | 313edsian 46785810 468.00s10 46792600 4679010 | -3.03edsro 4766612 47676110 4767112 4766641215
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Table 24: Overall results for GTOPX unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Steps t=50 t =100 t =150
Task GTOPX 2
f(@brr) -136.28:0
Metric S st o1 50 0., R S o1 50 S0, 3 S o1 S S0,
ARCOO | 13750105 0.99:0m 09900 0.99:0m 099:000 | -137.69:05  0.98s00 09800 098200 0980 | -137.83:05  0.98:0m 09800 0985000 0.98:0m
BO -1 7620m 176:0m  -176s0m 17620 | 37980k -181s 18102 I8lson  -18leon | -357.23sam  -180sw 180z -180s0m 180202
CBAS 13628500 1.00:00 1.00:0m 100s0m | -13628:0  1.00s0w 1002000 100200 100000 | -13628:00  1.00zom 10000 2000 1.00:00
CCDDEA 21772413 0.0 0082141 0.045119 -l4ledsine -25.2045561 -43.53 19557 -31.924703 -29.3820080 -6.0ledxisnes  -113.5412m080  -196.252m71  -143.844308  -113.8642562
CMAES | -13841ssor 0.92:0m 0994001 0.9740m - - - - - - - - - -
TTDDEA 211129 2115129 2114129 -336.45:m01 -2.26518 -2.27x117 264117 2264118 36.04 47565 -2.264120 -2.27x119 2. -2.264120
Trimentoring 4138sss  413Mise 4136w A135ise | -137.03c0  4160ssiw  4156ss0  4LSBisss 4159w | -13822:20  4168:sios  4164ssos  4166ssin  -41.68:sis
Task GTOPX 3
f(@ber) -102.69:00
ARCOO | -10443:0m  098:0m 0980w 0.98:0m 09800 | -10465:00  0.97:00 0975001 0.97 001 09700 | -108.61s0r  0.970m 0975001 0975001 0.97:0m
BO 2778658 2590 2595 25903 259:2  259:m 259w 259:0m | 323.62eme  -2.59:0m 25950 259203
CBAS 102,690 1002000 1,000 1.0020m 1002000 1.002000 1.0020m 100s0m | 10269200  1.00s0m 1.002000 1.00:0m
CCDDEA | -129.19ss0  -32.045m 5530z 405751088 A1972ma 3760wy 2586kwm  2349:wn | 257e3riue  -199 3707500 2591sam
CMAES | -12794s0n 062201 0625013 0,620 0.62:01 - - - - - - - - - -
TTDDEA | -146.12:00 048 029 040116 037sam | -154eSsims  A68Aiine 468261120 A683Tsiza  468.39rixa | 332eSissws 25Sedrssa  256e3rssm  256edsssa 255edissi
Trimentoring | 11137402 7420sssin  T42lasws  T420ssmn  Td2lesn | 140805 T462emn  T462ime | TA62iwe T4 15.5200m 7476w T4T6iwwm  TAT6ms  -T4T6:mn
Task GTOPX 4
f(@brr) -153.62:00
1552750 0.98:0m 0.9820m 0.9820m 5 09800 0981001 0.98001 098500 | -15729205  0.98z0m 0981001 0981001 0.98 001
566,28 22211 336100 -336s00 0 -328:0 3.28:00 328i0m  328son | 51740 335:0m  335:0m  335:w  -335i0m
-153.621060 1.00£000 1.00£000 -153.62060 1.00£000 1.00£000 000, 1.00£000 -153.62060 1.00£000 1.00£000 1.00£000 1.00£000
L12e3siom  730.67:1850 o 8633820 -919.91sama eScin  2.023sima 285e3oss  236e3ssena  224e3ssma | -630eStises  BATe3srma  Addedsiomt  -369e3ssna  -3.17e3srma
-328.154885 -1.13024 -1.13402¢ -1.13402¢ - - - - - - - - - -
2742sme L04si <1050 -105sm  -L0Ssix | 33326k -109:m  -10Tin 109414 109:0 | 34870enen 12841 270 <1274 12841
2701dsuss  A28lisees  428liue  -428lise  428lise | 26697 43.09ssiss 43.09ssess  A3.00ssss  A3.00:um | 268.95iimss  4308sses  A3.0Bisse  4A308ssis  -43.18ssus
GTOPX 6
833720m
8439500 0.9820m 0.98:0m 098500 | 8591em 09700 0972001 097200 09750m | 95.00:20  0.94z0m 0945000 0945000 094500
A798lsmm -0.665017 066201 | 165505150 0692015 -0.69+01 0.69:015 0.69:015 | -182.71eme -0.68s014 068204 -0.68s018 0682014
83.37:0m 100200 100000 | 833 100000 100200 100200 10000 | -8337:0m 10000 100200 1.00:000 100000
182120508 19852 2.555m | T1le -57220mm 9893smen  T22Tsme  -66.56xmu | - Lot 67792 11004200 8358w 6796517
15234sen 02350 0235000 - - - - - - - - - -
s 17.20u00 -17.204300 172080 | -L6263sasia  222Temn  -2226knas  2226k;zs  2227inxs | -l08eBsiee  B21Tswn  32ATaem  B21Taes  3217sem
Trimentoring b 2438us 2438sus 2438sus | -11363im0 2453 2453sun | 2453mm 114, v 45T | 245Team

Table 25: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the
optimal value. Details are the same as Table 5.

Steps t=50 t =100
Task GTOPX 2
F(@hee) 35670220
Metric o1 S0 S0, s o1 S0, St o1 S S0,
ARCOO | -39431sus 081010 081201 08150m 0885000 0885006 0.88:00 0915000 09100 0.9150m 091008
BO -1.25e410cs 3726ms  -3726smss  -3726kw0s . 3732eim0 3732uim -37.3244m 36070 3607ss  -360Tmw 36070
CBAS 23567042 10020m 100500 100:0m | -35670020m  1.00:0m 1.00:000 1005000 1005000 10020m 1005000 100500
CCDDEA -189.97+2122 0.752053 0.532057 0.592041 -3.22e344r 57 -1.42:4300 -0.964206 -0.874187 -3.91e31468 -2.50£386 4821747 -3.294500 -2.51 2388
CMAES | 3591740 068021 061010 063400 - - - - - - - - -
TTDDEA | -366.00.3s07 3.81sam Bdlsn 353w | 3069 -1.3242m 130s20 | -30243:mm  06lam 0S4ne 058ms  06lam
Trimentoring | 3073320 1002015 09220 094200 | -307.11 097200 094s0m | 38410500 0.90s006 1.0 0.97:0m 090001
Task GTOPX 3
Faes) 3361550
ARCOO 3 W77 M7 47w 1477w | 265ehssie 4030san  4030swn  4030swn  40.30swm 6274 6274sisn | 627Asimn 6274z
BO 568edsisss 61481rimn  -61481ma  61481smu  61481scan | S65edrsmi  4TAS0swmms  AT450samss  A74.50sms 474505 X 9752912 975.29+138 975294130 9752913100
CBAS -336.154628 1.00£000 1002000 1.00+000 1.00£000 -336.151628 1.00+000 1.004000 1.00£000 1.00£00m 336.151028 1.004000 1.00£000 1.00000 1.00+000
CCDDEA | 247ehssuns  6491swias  -117.565ws1  -83382ms -9237suenr | -1L.03e3srca  -35.7dsms  -6584s0m  4627soias  -4223esme | -51086suwa  -23.67smu  43.50swss  3065:mss  -23.75:m
CMAES -1.17e84s11e7 -4.28e54540es 429655415 -4.29e5 5435 - - - - - - - - - -
572e6s100 -491e3ur 491e3srsia 26266501 -2.20eds535e1 2.20edssass -2.20edssases -4.89¢: 48%edirones  -A89ediraes  -4.89edzzmes
rimentoring | 386.10s0s0 054520 0495250 317.075ms 02011018 024512 0234120 04350 055200 048100 04350m
Task GTOPX 4
f(@er) -496.56::501
ARCOO | -137e3sims  -1.244in 124500 124500 L4Sediina 124k 124500 124200 12400 133 13350 133200 13350
BO 6765w -158e3sima -158e3sima  -158ediiaa  -1.58e3 B47edssin  -146e3smmas  -1A6e3smrs  -1A6€3ammars 1463z 1393 n0s -1.3%3sanor  -1393smmor -1.39€3 a5
CBAS 496,565 1.00:0m 1.0020m 100200 100000 | 49656550 1.0040m 1002000 1.00:0m 1.00:0m 1.00:000 1.0020m 1.00:0m 1.00:000
CCDDEA | 924e3s1sies  -3.32e3s0m 53032100t 4.08e3inzm  Addedinoicr | -LISeTernr  -5.75e3swma 932edsruies  Tlledsiomes  -6.60e35100s 56230 9.03e3srues  692e3iiiis -5.63e3zoma
CMAES | -149¢9s130  -143c6s1me0 1436210 1436610 -143e621170 - - - - - - - - -
TTDDEA | -1.82¢5516us  -6.10¢S41600  -6.11eSs100  -6.11eSs 1010 7.89eTs2ms  -4.08e5 4.09e5simes  -4.08eSsr0ms 40855108 47leSsis  4TleSsis  4.70e551208
Trimentoring | -153edsives  427e3sines 427eBeines  427eBeines 427edeunes | 5323z 212 | 202e3usma 212634550 ldlednma  -l4lednme -l4le3nma
Task GTOPX 6
J(@brr) -168.89:002
ARCOO -286.43 13884 -0.061012 -0.061012 -0.06+012 -332.15485.40 0.17x027 0.17£027 0174027 -0.174027 -378.75 19640 -0.23103 -0.23403 -0.23203
BO STledima 427745 42 7Tsss B67e3iinn  455lin 455line 455line 455lia | ddSediama 4466 4d66ssw  4466ssu
CBAS 1.00:0m 100200 1688900 1.00z0m 1.00:000 1.00:000 1.00:000 | -168.89:002 10020m 100000
CCDDEA | -212.95cma 0055071 -0.0420m 579.63sm0 056z 082em 067418 06313 | 579,632 133220 106219
CMAES | -36628:xu  -0.95:0m 20,9550 - - - E - - - - - -
TIDDEA | -143¢3s1e0  -127651051 -13231102 893z -1135sism  -1183ssm 1154w -1147ssu | -128e 2006100 -2036sm0s 2018530 20063510
Trimentoring | -6.67ed+170s 71237512 7123751280 68ledrims 80490115 804901 s -B04.90ims  BO490:ima | -68ledsims  83599r1ua  835.99sie 835,99k -835.99+14sa
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Table 26: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps t =50 | t =100 | t =150
Task GTOPX 2
[ (@) 2752712
Metric S 50, s sI o1 50 S0, ES sI o1 R S0,
ARCOO 075200 075s00m | 27982an  0.85s008 0851001 0851001 085200 | 305182050 0.880m 0.88:0m 0.88:0m 08800
BO ~L16ed 0 4824s0m  -4824sm | Sddediva  -5035men  -5035:en  -5035tem  -5035:ten | -LOOcdssse  -524leiss  -S24leie  -S24leae -S24leies
CBAS -275.27 1234 1.00000 1.00£000 2752712 1.00£000 1.00+000 1.00+000 1.00£000 275274234 1.00£000 1.00£000 1.002000 1002000
CCDDEA | -307.864 122 0435045 048s0m | -151ediama -198:s2  -3.52uoas 253sen  23%en | 39BeBasa  AlTinw 139w -533ens  Al8ins
CMAES | -35036.507s 0.23100 0.23100 , - - = 5 B - - S s
TTDDEA 63e3 a5 515200 520seos | 243Bssia S566enn 570ine  567em S67nn | -1223nima 661w 654nsn  658ssn  -6.61sim
Trimentoring | -866.85:mu 0.09513 009121 | -569.402m2n  -0.ldsan 0.12 003se  003nn | 56743iw0 023 0205006 020sas 0232
Task GTOPX 3
f(@er) 228 8416
ARCOO 16915 16910 1691w -1691iun | -317e3sina 1606500 16065091 16065109 | -2.69¢3:- C1555:m0  -15.55:00 | -15.5%5:08 | -15.55:m0
BO TI86Tsmss TI8.6Tsumss  TI8.6Tsamss  TI8.67sunss | -6.7Tedsums  -608.21 240 608.21s20044 60821204t | -1.01eSsrnes  -604.51cimon 60451 son 6045110000 -604.51 10000
CBAS 100200 100200 1002000 100s0m | 22884135 10050 1002000 1.002000 100s000 | -22884s3% 1000 1.002000 1.0020m 1.002000
CCDDEA | 378e3suma  -525:em 1661w 6d5am  -657swm | 29421ewman  836rm0  -1459sme  -1056seu 972w | 294.165m  -540ma 94T+ 684sun  S42ue
CMAES 9.67eTx1ises  -1.14e511525  -1.14e51152s5  -1.14eSa152%s5  -1.14e541505 - - - - - - - - - -
5 2edsnne -523edsann  -523edinsm  -523edissus | -140eTiana  T88edsines  T88edsines T88edsimes T88edsimes | -6.95¢T4rues  -1.80¢Siams -180eSsams  -180eStams  -180eSianes
428 2Tswnss 42827 428 2ssmss 4282Tswnss | -32ledinn 2951001585 102051 29510501835 295.10z01sss | -3.23edsvses  25404ssr  254.04ssn  -254.04ssmnr  -254.0dsss017
GTOPX 4
322,505 108
Bddim  Bddim | Bl Bddow | ld2edima  378mm XTI B78mm  B78mm | -lddedraue 383 383 831um 383
-3.67e3s2473  -3.67e3s207  -3.67e3s2471  -3.67e3i2a7s | -1.9leSsisses  -3.28e3iimies  -3.28e3risies  -3.28e3imies  -3.28e3simies | -2.23e5i21es  -2.84€3i10  -2.84e3rians  -2.84e3riame  -2.84e3s100
1.00:0m 1.00:0m 1.00:0m 100:0m | -32250sim 10040 1002000 1002000 1002000 1.00:000 1.00:000 1.0020m 1.00:000
880.78:100  -10ledsisn  9348dsina  957.34xina | 993ebias  A06ediine  -598edsiimes  48ledzina  453edsin B09ehrine  dSdedsrss  -3Tdedssves -3.19%dzime
9376551250 -9.37e5% 93TeSsiasn  9.37e51250 - - - - - - - - - -
Jediizns 67063215 6.7Te3risi  -6.733bisie 6.7de3risier | 2.866Trser  -1.36ehsiuer  -136ehssint  -136edssimt  -136edsiit | -1.93eSkioes  -5.94ediines -54ediises  -5.9dediises  -5.9dediises
-1.96e342283 -13.36.£199 -13.36.£199 =13.364199 -13.364199 -1.78ed x40 -14.3412008 -14.3412008 -14.3442008 -14.3412008 -1.38e34 1863 -36.1510432 36.154602 -36.1516432 -36.1510032
GTOPX 6
-142.09+039
3235%me  08Twn  -08Twn  08Txm  08Tsom | -324.90ime 0,910 0.91z0n 091zon | 33162576 0.930m ~0.93:0m ~0.93:0m ~0.93:0m
S55dedsama  S472e0m  S472e0w 54720 547202 | -6.94e3sia 12844200 -1284dsma 1284420 | 331eBrisa -10649sm0  -106491ms0  -106492ns0 1064950502
14209200 1005000 1.00:0m 1.00:0m 100:0m | -142.09:00 1.00:000 1005000 100000 | -14209400  1.00:0m 100:0m 1.00:0m 1.00:0m
CCDDEA -254.60116057 -3.424785 -5.4851246 4214963 -4.57 5104 -266.05+ 18871 -2.00396 3172620 245548 2291453 -223.15411642 -1.494274 -2.364437 -1.82433 -1.491275
CMAES | 591735005 -137:00 137000 137w -137se - - - - - - - - - -
TIDDEA | -17073swm  -331sar  -3.95:u B58avw  B69sw | -1920lsen 132w Ld2ess -138am | 20247ssa -076s0n 085515 080411 0765121
Trimentoring | -2.25ed.sses  -3.75¢3usca  -3.75¢3use  3T5edasw  -3.75edisees | 2.27edisme 3.65¢3ssma B365e3enna 3.65edirna | 227ediso  362e3uwra 362e3uvia | -362e3awia  -3.62eBsama

Table 27: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps t =50 t =100 | t =150
Task GTOPX 2
F(@hee) 21812400
Metric o1 50, s ol S 50, FS o1 S s0,,
037500 037100 . 041s0m 041502 041s0m 04150m 27921 046500 0462010 0465016 0465010
79365307 1936sm0 | L12edsima  T794smis  TT94swss  T194smss  T194rmss | -Lldedriss  7523ins  7523ns  7523ens  7523ins
1.0020m 100000 100000 100000 100000 1002000 100000 21812403 1002000 100000 1.00:000 100000
" 020506 036119 -0.28:0 535450 A2100 -6.80205 625:0m | 7.55e3sives 1227w 2290w -1596:s3  -1230smas
-369.1651 051500 : 05100 - - - o 2 B B - - -
27943+ 547505 5.58540 562 | 28225smn 2455 249520 24800 | 26475:em  14Teim 150208 L4951 1475
Trimentoring | -358.75sumss  -30.70ss10  -30.70sm10 30701510 -30.70s510 | 269.96s10  -3231iner 23l 3231w | 27587w0  -3203swa 32039 -3203sma  -32.03sms
Task
f(@orr) -171.5450m
ARCOO | -28435:m  0.12:017 012017 0.12:017 012501 | -597.65:m70 0195100 0.1941m 0195100 0195 | 5369450 08852 08852 0,882 088520
BO 24deSious  BI8.1Tswss  BI8.17Tsviss  BI8.17swmss  BI8.17Tswss | 2.71eSssies  -108edzswss -1.08e3ssss -1.08edesoss -1.08ediswos | 210eStames  -1.03e3rwa  -1.03edrunn  -1.03e3rwwae  -1.03ediuon
CBAS 1715420 1.0 100200 1.0020m 10000 | 17154208 1002000 100200 100200 100200 17154208 100200 1002000 100200
CCDDEA | -4.06€3£50: A852ssw  -3894sun  -4155iom | 692560 2403inse  -37.58smw  -2898samn  2713saa | 73497:ms -168liums  261linm 2007:ew  -1684si
CMAES | -5.73¢T 1000 s -1.83e5 52 - - - - - - - - - -
727eTsime -6.78ed 15 -6.78e4.41 5% 220eBsmes 28265015 282e5kaiss  282eSuniss  282Siaiss | -195e8uimn  B80eStiske  -8.80cSiioes B.80eSiskn  -8.80e5Limi
Trimentoring | -8.14eds100s  25leSsosies  25leSsanis  -251eSkosis 4.95eSsies -1.35e5s: -135eSsims  -13SeSsaames  -135eSanes | -345e3svuc  -8.97edsris 25 8.97Tedsrins -8.97eds2iees
Task GTOPX 4
J(@hes) 2416141
A7edsima TOdzum  TOdsus  TO4zum  TOdzie | 17ledsisa 168z 768z T68inw  T68uw | L7dedrie  789:mw  T89rme  T89sme 789w
187eShims 2503010 25031100 2503410 140e6sasic -325e3sms  -325e3ewim  -325e3swie  -3.25€3umior | -1.70eSiesis  -5.06e3isoes  -5.16€3ismer  -5.06e3isoun  -5.16e3ssmien
24161en  1.00zm 1002000 100200 2416 1.00:000 100000 1002000 1002000 4161515 1.0020m 100000 1002000 100000
205edseses -105eSsanes  -1.0SeSzanes  -L0SeSsares 275¢5 4.26eSs0ms  -573eSsies  ABTeStiues  A65eStums | -579eStomes  3.52eSiwis  476eSriis  4.0d4eSsosus  -3.52eSims
1.62e9:2650  -8.90eSkims  -8.90eSimms  -8.90e541 ke - - - - - - - - - -
43635100 1746301 -18le3s2ms  -177eBiome 5.55¢3 856245105 91483510 -880.6741ms 87190100 | -520eBsinses  -669.47sww  -708.87ssms  -685.825mans  -669.665w18
Trimentoring | -1.78eSsim  -1.98e6sims  -1.98e6sie  -1.98ebsiin 6898 3A7e6arms BATebirons  BlTebioms  3.1Tebsroms | -147el0smm0  -152Tsima  -152eTssms  -152eTasma  -1.52eTsima
Task GTOPX 6
f(@her) -121.48 50
ARCOO | 486.07eemn  -1.2250m 12250 122503 13 132200 132100 2930750 -13850m 138205 -13820w -1.38203
BO 498e3sstsa 720401 T204k00  <72.04<0m 7628470 76281761 162874 470350 TATSem 7475 T4T5am  T4T5m
CBAS -121.48:0 1.00:0m 1005000 1.00:0m 1005000 1005000 1005000 -121.48 503 1.00:00 1005000 1005000 100000
CCDDEA | -158.65:37 103141 088212 2M9Lsinss 037505 05008 04320 Odlioss | 2081725 -0.26:05 036205 030206 026505
CMAES | -439.23:15 22320 2.2350m - - - - - - - - - -
TTDDEA | -360.55 5410 2480237 A793sims 122260y -1472:0ss -1309kisss -1283;ises | 28ledssca  -17.95:0  -19.58suss  -18.58:e  -17.965:a
Trimentoring | 300.86:m2  -14950m -149z0m 289845005 14550 145508 145508 LdSis | L0dedsags  2Sliaw 2515 2515w 25152
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Table 28: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the

optimal value. Details are the same as Table 5.

Steps t =50 t =100 ‘ t =150
Task GTOPX 2
J(@orr) -175.102075
Metric FS s ol ) S0, FS SI o1 s s o1 SO S0,
ARCOO | 2638552 0.065014 0.065014 0.06:014 006201 | 26173552 0.08s020 0081021 25650535 0.06:02 0.06502 00602 0062026
BO 92935055 909325 9093kw0s  9093smsm  90.93:ms | 8.39%3isma 9303 93.03su 929e3ur00  9254xew  9254sew 9254w 9254swm
CBAS 175105075 1003000 1.0020m 100s0m | -175.10055  1.00s0m 1002000 K 1750007 1.00z0m 100200 1002000 1002000
CCDDEA | 460.035w0 036205 0.45:0m 04908 | 20032300 B300zs0 520z -380ssm 20de3sins S05ew 88lewn  64Bkwm  S.d6w
CMAES | -34395:mss 062 x 06210 0.62:0: - - - - - - - - -
TTDDEA | -191e3sizes  -3294swa  -3294swn  3294sem  -3294swn | 6293siaw  HM$4ine  HM86ime  3485ima 82832 41682 4L69sme 4168w 4168iun
Trimentoring | -893¢3simes  38.04umo  -3804swen  -3804ssem  380dumon | O.18e3sises  -55.60imm 5560w 55.60smem  -55.60sme | 909ediioss  -6153emsa  -61.53emsa 6153wy -6153zusu
Task GTOPX 3
J(@orr) -134.83205
ARCOO | -288.19:nm  -0.53z055  053s0s  0.53%0% 05305 | 247€3asma 959sum  959ium 950w 959umu | 2803sema  M417sen  Md17sen 4070 141750
BO T03ehriss -15Tedsmn  -15Tedemn  -L5Tedumin  -1.5Te3smin | 4.50eAriie  -1.63e3sonm  -163e3sonn  -163edtenn -1.63edsenn | TdSedirms -l4dedime  -lAdedimew  -144eds -L4de3siman
CBAS 13483505 1.00s0m 1002000 100200 1.00s000 | -134.83505  1.00s0m 1002000 100200 10000 | -13483505  1.00x0m 1002000 100200
CCDDEA | 4.75eSsias  2.1ledssss  2.0ledusss  2lledussses  21ledusssr | 6657350 -107edsames  -1.00edsaiss  -1.08edsarses  -1.08edsarses | 63118500 653341008 -7.24eB 1m0 -6.54e3 1t
o 120851 318eSciris  -3.18eStaries  3.08eSiires  -3.18eSsimis - - - - - - - - -
13285208 -5.76¢5% -5.76eScis <5766 8.96e74um -1.04e6sizs  -1.04e6sim0  -1.046621me0 -1.0debsimne | 2.19Bisms  -6.08e6s12  -6.08e651567 ~6.08e6:135e7
2.88e3s01a TATe3nina TTedsima T17Tedsine | 4T8eStine  3A9edsusis  -3A9edsusi  3dA0edivsi 3d%edivsic | 61230sm0  Blledsries  3lledsrnis Bulledsrne
GTOPX 4
-194.03 2088
2723520 1861w -I861sww 186l | 275€3sama  -19.66:mor  19.665x0  19.66zms  19.665um | 27dedsana  20.07zam  2007sam  2007zas  20.07sns
-2.70¢5 2005 44032 4d0e3sama  440c3iau | 426eSoues  -4.23eIimion e 423e3sma  -423¢3smn | -189eSiiwes  -37%Assmes  -37%dssmes  379%dsames  -3.79%snmier
-194.03 05 1005000 1.00:00 100000 | 19403508 L00zom 1005000 100500 100z0m | -194.0350s  1.0020m 1.00:0m 100500
L47e613s -8.95eSsaun  -8.9deSsaume  -8.9deSiauen | 43TeTireer 57365 -5.92eSiiims -5.82eSsnisn  -5.79Ssuise0 | -3.00e6ssmes -393eSarees  -4.06eSir07s -3.93e57mes
-1.50e8 10 w  -1496ris  -149ebsaas  -1.49e65121es - - - - - - - - - -
B.62edims  -169Seins  -1.6%Siins  -L6%Skans  -1.6%Skis | 2.68eSsoms  -1.05eSsaeses L0SeSizess  -1.05eSiness | -1.66eSiasnes  Tddediims Tddediims Tddediises  Tddediiss
Trimentoring | -1.26e3s10  -15697 <01 -15697 401 -1569T4mior -15697<wi0r | -133e3sisa  -81.82ewrs 8182:ms 818 13030 5724w 5724 5124smn | -5724:mn
Task
f(@er) -102.96:020
ARCOO | -282.58:m9  -1.66:w  -16650w 16600 166w | 28934imas 1980 198w -198s0m  -198:w | 29722:um  -199:m 199 | -199:m 199k
BO Sddediina 87.29:ws  87.29sws  8729:mm  87.29:ws | S6lediina  86.72:mi0  86.72enmmw  86.72emm  8672:mm | 7803ienc  8820ma  -8820sw  -8820ma  -88.20su
CBAS 102960 1.00s000 1.0020m 1.0020m 100000 | -1029610m  1.00s0m 100200 1.002000 10 102960 1.00:0m 1.0020m 1,000 1.002000
CCDDEA | 27275:mse6  -0.60z00 078105 0675075 070507 | 6793sime 1723200 3320swn  2265zem 20,54 67935115 3217:m0  624dzen  A243xmes  3227iem
CMAES | 4864621156 27500 327s0s  -32T:0m - - - - - - - - - -
TTDDEA | -193.68+103 s T8lsess  Td6zess  15Tses 368:ass 398w A8lass  BT6;s | 19975 25lis 2735 260024 25loa
Trimentoring | 26051siss 54406513 5440651361 54406513 5440651300 546755100 546750120 | 546755130 54675513 | 24161smis  S4T64s1ve  54T64sim0  S54T64sima 54764513

Table 29: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the
optimal value. Details are the same as Table 5.

worst value and another 10% near the

Steps =50 t=100 |
Task GTOPX 2
I (@her) -136.28:0
Metric s st 1 S0 50, FS st [ 50, S0 S0,
ARCOO | -302.76:ims  0.80s0m 0800  080:m  080s0m | 26405:m%  0T9:m  0.79:0m 079501 083:0m 083z
BO 5.93¢3. 127302103 12730500 12730500 | -109%4siese  -12878s1m  -12878sun  -12878sum  -128.78:um -131.03:ns 1310320
CBAS 136285000 10K 100000 100s000 | 13628200 1.0010m 100200 100200 100000 1.00:000 10000
CCDDEA | 345,682 -Lllas Lldss  -Ll2aw Loy | 5649 L6lsie  240sm  -L88am 17801m 294224 1871
CMAES | -43295:ms1  -136s00  -LS6tee  -LS6ie  -156:0e - - - - - - - - - E
TTDDEA | -436.01swss  -1849u 1849500 -18494s0  -18.49s01 (1204ims 1204w 1204w | 707.71ams ddinz -l4dzin -114dan
Trimentoring | -259.67500 2920 292su0 292w 292w | 29935:mn BRI SL77a | 309445 140sis 140 14051k
Task GTOPX 3
f(@ber) 102692000
ARCOO | 286145z -1.69s0m  -1.69som  -1.69:0m  -1.69:0e | 27729:us0  -I8lsas  -L8lsoss  L8lsoss  -L8lsoss | 278.14ewn 178500 17800 178s0m  -178:0m
BO I8ediame  Lldedsiva  2l4e3nina  2l4edsima 21dedsima | T8Tedromes -17dedesma -17dedime  -L7dedima -174e3sma 2 -196e3ums0n -1.96e3um0a  -1.96e3 o -1.96e3 47030
CBAS 102.69500  1.00s000 1.00z0m 1.00:0m 100:0m | -10269:00  1.00s0w 1005000 1.0020m 100:am | -10269:00  1.00:0m 1.0020m 1.00:0m 1.00:0m
CCDDEA -8.30ed1213es  -1.64e3taoes  -1.64e3raoser  -l.6de3raves  -1.64e3ts06e3 | -184.0610003  -554.4311015  -842.54u20 6672641590  -625.6411m | -17115em0  -368.034mem1  -559.954135 443224100 -368.8518070
CMAES 86eStioms  -2.86eSrons  -286eStivs  -2.86¢3sioms - - - - - - - - - -
TTDDEA 80eSiros  -5.80eSirones -5.80eSim0nes  -5.80e5700es | -1.85eBrions  236e6:as0  236e6sas0  236ebsasics  2.36e6iass | 5.89eBions  898ebiizir  8.98e6rizr  -898e6iinr 8986512
Trimentoring | 6550557 9.14¢3s20es  9.1deBanes  Oldedianes 9ldediaems | 4.50eTi  -L8ledsinss  -L8ledsin  -I8ledrines  -18ledsanes | 47ledsizes -LlleSsanes -llleSsams  -LlleStans  -LlleSsanss
Task GTOPX 4
F(@er) -153.62:00
ARCOO | 793.64smn  -673ctw 6730w 6734 67340 68714 687210 687210 68750 | 892434 6.98513 69800 6981w 6.98513
BO 3.54eSiins  6.68e3sme -6.68e3ii  6.68e3sane  -6.68e3a0men T.68e3zuza T.68€3izer  T.68edbazer  T.68e3razser | -113eSiame  T80e3srm  7.80edrie  7.80edsisa  -7.80e3sina
CBAS 153.62:00 10000 1.0020m 1.0020m 100z0m | -153.62:00 1002000 1.0020m 100z0m | -153.6200  1.0020m 1.00z0m 1.0020m 1.0020m
CCDDEA | 3.12e3sum  -220edsiows 220eds1es  220edsioes -2 20edsasmet | 7320851 LSdebains  -l4Gebiaius  -l4debirins | -1.65eTr2n  -1.80c6s2s  -1.90e6. -1.84e6samss  -1.80e6xasses
CMAES | -281e8suwes  -120eSuims  -121eSsims  -120eSkims  -1.2leSsisms - - - - - - - - - -
TTDDEA | 74le6siss  -3.14eSinses  -3.14eSivses -3.ldeSinsees -3.0deSirsas | 6.29e65im0r 45605 4.56eScimes  4.56eSeims  -4.56e5siie | -493eBsino  -2.65e6roms -2.65e6zeoms  -2.65e656ms  -2.65¢6 6o
Trimentoring | 714534555 633619 Baw | 6Bam 633w 6,01 60lsos  601s0s 60105 | T64.00sw5 61410 614500 -6.l4s0m -6.14505
Task GTOPX 6
J(@5rr) 8337202
3101855500 3.1620m 3162001 306503 | 3694505 328203 328403 32840 3280 | 31645imm  3.40:0m 40s05 340108 340105
A76e3rsma 1245 (12453sme  -12453:0n  -1245300s | Tlledsesa  -129.09imuw  -129.09:mu 1291942 -129.19:mm0 | -1.02edina 12706518 -127.0651ss  -12716xs8  -127.16:1s0
3.37 023 1002000 1.00£000 1002000 1.00£000 -83.37 4023 1.00£000 1002000 1.002000 1.00000 -83.372023 1.00£000 1.00£000 1.00£000 1.00000
22878rma 2174 2924200 2d6sm  259:s | -15774swn -LT3sow 235ewe 1974w -188ew | -15524wwn -139mw  -182ein  -156sem  -139%0m
48944 480Lin 4.8050m 480211 4.8051m - - - - - - - - - -
184970ws 1306800 -1370s25  -1338sns 1347473 | -221.78:m0n T8der T68ean T64ss0s | 910124150 -6.824sm 0l 68945 6824551
6.20edsius 598765150 5987610 59876510 -598.76:10 | 6.22edsiuis 23775200 9237Tsama 923.77:2m0 | -6.18edsisns  -103e3saisa  -1.03e3inise  -1.03edsamsa  -1.03ediava
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Table 30: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
the optimal value. Details are the same as Table 5.

Steps t=50 | t =100 | t =150
Task GTOPX 2
f(@ber) 2752722
Metric FS sI o1 SO 50, FS st or 50 FS SO
ARCOO | -L12e3sisar  -156saw  -156:w  -156saw  -156mw | -LI2e3sissa  235ss0 2350 235usw L0731 249157
BO 8BSl 494%nn  A9A2urn  -A9ADunm  -49.42urm 1e34: 6217ma 6217sma -62.17ma o | -1.08edzios ! -60.08 12148
CBAS 2752742 1.00:000 1.00:000 100000 100:000 | 27527220 1.0010m 1.00:000 100200 100000 2752720 1002000 1.00:000
CCDDEA 0.35502 0.60:05 044103 0495051 | 8767250135 0002002 0.01 2104 0002077 00007 | 7254455000 046 03610 029209
CMAES 01450 0.155035 0.15505 0.155035 - - - - - - - - - -
TTDDEA 8032i5m  Bdbrss 82w 82Baise | 2552 348270 947 56471 3.53um | 25760k 202450 2084500 204153 2024520
Trimentoring 430340 43000002 430260en  -43.01suen | 2773 -4340: 160 i | A33Briens  4339snew | 27677s0e  4343nne 4340iwmes  A3d4donw 4343w
Task GTOPX 3
F(@her) 22884540
ARCOO | -289.05:wen  03820m 0.38500 0385020 0385029 0.535020 0,530 05320m | 26151eum  061s0ie 0615010 0615016 0615016
BO T42ehime 1283410 -128e3sina 12834 -128e3sina 919425002 91942012 919420 | 480edsaoies  -81896smm1  -8189623m  -81896smim 818965318
CBAS 22884126 1000w 1.00:0m 1.00:0m 1005000 1005000 10020 100:0m | -22884s2  1.00:om 100200 1.00s0m 10000
CCDDEA -180.77 46784 242434 -4.254615 -3.084445 3.404491 -1 211

208432 1484230 352,693 073418 1305265 -0.93219 073410

CMAES | -37825:02  -31.74ss9  3174sse  3L74ssn 31740 -
TTDDEA | -255¢3ssmss 958900 -10247500er  -98.57s011s  -99.71somns | -2.37eSsanoes

4327710030 -429.76som50  -428.9810m9x | -5.03e8x1am0  -3.59edurwes  -3.5%ediries  -3.59dirwes  -3.59di7ioes

Trimentoring | -5.72¢Ts1510  -1.66e5sams  -1.66eSroans  -1.66e5samnes  -1.66e5oans | -3.19¢Tsnssr 2.6deSens  D6deStans  2.6deSams | 9.09Tsruies  366¢510s  -3.66e5s0aes  366e5a0es  -3.66¢5106rs
Task GTOPX 4
[(@her) 322,502
ARCOO | -1d6e3siss 2045100 2040w 20400 933+ 351 EXT EXe 41607 ERTIR 416:0m  416ren
BO L47eSiomes 33534150 335e3sma -335e340m | -35le5 5.80e3s02es  -5.80e3s0mr  -5.80¢ -4.50e3s. o 450e3sima 45063 sima
CBAS 32250010 1.00s0m 1.00:0m 100:0m | 322504108 1.00:0m 1.0020m 100200 1.00:0m 1002000 1.00:0m 1.00:0m
CCDDEA | 7489655611 -1248210s 1554n3 169957 | 5.53eSimms  -15Tedsases  240cdiions  -187edsaons  -176edzasues | -9.28eSiizss  -125edsrons -1.87ediamer  -1d8ediamer  -1.25edsrons
CMAES | -L12e3smom  -37.52: 37.52mu -37.524m - - - - - - - - - -
TTDDEA | -1.28¢5 3.07eSsames B07eSanes 3.0TeSsnaes | -170eSsrmes  -286e5sruns  -286eSsr0ns 2865 2.86e5sras | 24952 280e5s1us  280Ss7s  -280e5a7ues 280530
Trimentoring | 782045190 -LI8s10 LI8aw LISt 5077200 097200 097200 97:0s  097:0m | 7230251 09405 -0.945055 945055 0945055
Task GTOPX 4
f(@orre) -142.09:0
ARCOO | -1.53e3s20 65l 651w 3 1037emn 1037cwn | -1037ema 1037enn | 242350m 1339im»  1339mm -
BO 71863 s 5654sen  -5654:e2 | 45Tedrsens  -58.56:nss  -58.56rmm  -58.56kmss  -58.56:mss | -Lldedsisis o 6062w -60.62+w1 621019
CBAS 14209203 1002000 100s0m | -1420950m 1000 1.0020m 1.0020m 100000 | -142.0 1.0020m 1002000 1.00:0m 1.0020m
CCDDEA | 36476520176 L04siz -LO0Boia | 790.62ema 208500 -329me 2524 23625 | 683690 2734w 4d6ssm B3Tax 273
CMAES 3467043490 -1.414052 -1.414052 - - - - - - - - - -
TTDDEA | -127.61+um 4364 B6dsas  386mw | -12950swn  -L1Saaw 166w 1365144 A128aias | -15270ene 05200 07506 -06lsn  052em
Trimentoring | -8.11e3ximes 321324009 32,13+ -32.1324019 -32.1354019 -8.69e34111e -54.6547013 -54.6570.13 -54.65+7013 -54.6547013 -8.70e3£1.11e 62528086 -62.5215056 -62.524m086

Table 31: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps t =50 | t =100 | t =150
Task GTOPX 2
f(@ber) 218,124
Metric FS SI o1 SO 50, Fs sI o1 50 S0, FS sI ol 50 S0,
ARCOO | -62028smms08 1075075 107075 107075 107075 | 610645200 -11820m 118200 -118:0m Li8som | 96353smwy  -L63sism L63s1s L63sis L63s1s
BO 203edsii 675650 61561005 6756mes  67.56imes | 3A8ediines  69.60sw3  69.60iws  -69.60swms  -69.60sm | T78e3riwes  67.60i0  -67.60sm  -67.60:m6  67.60500
CBAS 218.126m  1.00s0m 10000 1002000 100s0m | 218120 1.00s0m 1.00200 1002000 100s0m | 218120 1.0020m 1.0020m 1.0020m 1.0020m
CCDDEA | -23693:um  0.18505 0375085 024105 028505 | -123edsies  -1335sm0s  -19.60su06 15855y 1494sie | 838.99smes  964swo  -1440:me  IL52inss 9.6k
CMAES -381.39+641 -0.23404 -0.23404 -0.23404 -0.23404 - - - - - - - - - -
TTDDEA | -329.93si  -1020som 107650 -1047506  -10.565100 | -33320ci852  481suso 498251 492:sm | 412655200 304112 33840 19423 304422
Trimentoring | -274.74x39s  -73.12412697 <73.12412697 7312202607 <73.12412697 -268.69+15  -73.4 770 1341270 T34lemw | -1.22e312m00 737759 1377419 1377419 <1377
Task GTOPX 3
f(@oer) 17154508
ARCOO | -545.00mma 07050 07050 07051 07051 174 174 17450 1745 | L023sima 262k 262405 2.625458 2.624455
BO -32deds215e  -1.06e30m52  -1.06e31omx:  -1.06e3s0mm2  -1.06e3 20752 -846.34:57x51  -846.34157m  -846.3dus5em 8463415781 | -1.20e51107es 80262435512 -802.6243m12  -802.62435812 80262435812
CBAS 17054200 100500 1.00:0m 1.00:0m 100s0m | -17154s0n 10010 1002000 1002000 100000 | -17154s0m  1.00:0m 100200 100200 100200
CCDDEA | 30115551 -1.84552 34 232165 25447 508.82:ss00 1565201 2.8555m 20137 I84sn | 61238sm0 142 268547 1865321 Ld3ss
24035 03sun  24.03:um - - - - - - - - - -
S126e35aa0 -127edsaise 12603 w | -149Ssass  -121e3samn 12263 -122eBsama -12ledrama | 395eTirie  -L3Medman  -13Sedsac  -LiMedircn  -13dedircn
3979030 397930 -39.79umm0  -39.794m7 | -326¢Sixms -105.882mn  -105882mn  -105.88sma -105.88sma | 316eSiions  -108e3iron  -10Be3ireos  -10Bediaans  -1.08e3irena
Task GTOPX 4
Fl@her) 2241614139
ARCOO | -182e3sima 426520 426525 426525 426525 | 26lediina  133ise EE 733550 T33sse | B3A3edsaee  -1035iem  -1035mm  1035:m 103550
BO 1,09 30c321203 -3.3063 330312 -3.30e3sima | 189S -3.53edeina 353e3eima -353edrma | 13665 4003 400e3sima  400e3aia 4.00e3kme
CBAS 2416151 1005000 1005000 1005000 100s0m | 24161415 10010 100500 100s000 | 24161413 1000 1.00:0m 100200 100200

CCDDEA | -939.43sa355  -57.62461  -67.2250ms  -61.34uso19  -63.01us905 | -1.87eSszess -491.3
CMAES | -711.77sss61  -2543:ma0  2543:nw0  2543ins  -25.43:n0 -
42274e0m  434.520005 4281 1saom  430.141u051 | 449e3sime

428337 4283si37  4283simm -42.83smm | -1.48e3aas

4229224550

46650507 | -1.87eSs205s 632082727  -866.

728.70sm0x 6331747357

%ei 215258202 @ 218,61 215281002
453810005 4538210005 4538100 453810405

2485322020 | -5.33¢341
447405 | <1473+

Trimentoring “

Task GTOPX 6
f(@ber) -121.48503
ARCOO -2.16¢: 3 -10.79£1000 -10.79£1000 -10.79£1000 -10.79£ 1000 -1.55eds1604  -54.89111400 -54.89111469 -54.894 11409 -54.891n469 | -1.13eStamses  -279.66400060  -279.66169500 -279.661a9069 -279.66 160465
BO 0c3siies 760442030 T604smn  T6.04ima | T08e3sana  T306su2  T3.06sma  ~T3.06sma 3.933sims  T207:mis  T207sm0  T207:m 72075006
CBAS S2148208  100s000 100000 100s000 | 1214820 1.0010m 100000 1.00z00 120480 1.00:0m 10020 100200 100200
CCDDEA | -210.19:m508  -0.88213 105sie  -LIBsim | ST797wmm -180sim 263 212220 5629805 235020 3480 T8am 23610
CMAES | 404305100 5313 S53lsss -53lsss - - - - - - - - - -
E, -139.96.45565 -3.764320 -3.434316 -3.534317 -141.2415200 -1.22:157 -1.45:01m -1.325160 -138.3: " -0.541105 0.704129 060115
Trimentoring | -1.54e5:205s 3iie  -105e3iinsa  -1.05e3iinse | -L5SeSiims  -1d6c3iase  -ld6e3easa  -lA46edias L5deSiams  -L60e3sana  -1.60e3iana  -1.60e3sana
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Table 32: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near

the optimal value. Details are the same as Table 5.

Steps t =50 t =100 | t =150
Task GTOPX 2
J(@5pr) 19544513
Metric FS o1 50 SO., FS St o1 SO
ARCOO 80576581052 B10ss0 310z 310250 10535618 376550 376250 376550
BO 8483210 940505 9405im  9405im | T8ledrima 8988 8988w 898Biim
CBAS -195 4441 100200 1002000 1.00:0m -195.44.413 1002000 1002000 1002000
CCDDEA 037200 87os 139 12957 | 103343z 1835205 XTI 2295305
CMAES 04550 - - - - B - - - B
TTDDEA 71025 27037 338 3570 BdTan 2647642304 210215 2224 215167
Trimentoring 827570100 -827.5Tsima A01eSiomss  ASledsama 153 -15ledsama S535eSeime  201e3nne 20ledsne  201e3snm
Task GTOPX 3
J(@bee) -151.85 50
ARCOO 2,60+ B72e3ies  853iunm  BSdaum | BS3aum 853w Tledins  15.89:0w  1559:0wm | I559aww 1559500
BO 107e3 27045 623edirsi 89752 897.52uamss  -897.52samss -897.52sawss 98ediscns  B43limsa  8443liwse  B43Liwse 8443 liwsa
CBAS 1002000 151852000 1002000 1002000 1002000 1.0020m -151 855000 1002000 1002000 100200
CCDDEA 808210 217582 635ins 1006w T80mme  726:nm 2152155 41357 66221206 5082071
CMAES SlLsass - - - - - - - - -
207.69s1m0  -38.84sun s 4l84sun “L13edsr 2478smm  3011snn  2675sme  2600swe | -L3leTos  Tlledsime  T26e3sime  T.A7eBsimes
Trimentoring | 2476268 4.00e3sin 400e3siaes  400e3iones 25311 402e3simer 4023s10es  402e3bivies 40231000 Sdoms 403e3sive  A03dines  403eBsionms
Task GTOPX 4
S (@) 2157450
ARCOO | -I82317:mun  6.l4iss 6145530 6145536 60disse | 250091 953mm 9.535am 9.53m | 338728nwss  124liom  124liow | 24Liow 1241w
BO 965eSsane  -Ll3edsiss  -LD3edsioes  -lD3edsimes  -L13edsioes | -181eSsimes  -T.65e3snma T65e3isms T65ediuons | O2Bediims  -63%disms  -639disma  63%disma 6393
CBAS 2157450 X X 1.00:00 1.00z0m 21574z 1.00:0m 100000 1.00:0m T 100000 10000 100200 1.0020m
CCDDEA | 51242 -1 2L68:axs  1850swm  1942:mn | 2leStaons  21ledsisa 23le3ssma 224z Bledsions  -17%edsasia  205e3sims  19dedsma  -LT7edasia
CMAES 698.20.u0 3208 3208:s0  3208ism  -32.08ism - - - - - - - - -
L24e3iis 5849950 596,691 590525 -S92.52:0te | -487e3it s 2999958 299045 | -1.0dediomos  205.03swms 200320 20706zm01 205055
Trimentoring | 206eSssis  220e3sna 220e3sine  220e3sise 220e3uasw | 214eSssews 27Te3sama 2TTe3sims | 2MdeSssous  29Tedrima  297e3sims | 297edsima  -297edzimm
GTOPX 6
2110
420e3 590 54870 S548Tomn | 303ediime  10286iuss 10286 102860 1028615 | 24leSiows  54500iunm 545.01sns 54501 cuanan
258205 9.03edsion 7727+ T12Tenn  T120snn T127ena | TMedsms -8004znm 8004500 -80.04z10
100200 11211500 1.00:0m 1.00:0m 1002000 1.00:0m 112,110 100000 10000 1.00:0m 1.00:0m
-L60:300 BSdedsssn -1L6liws  -16T3:xe  -13.65ime 1290w | 354e3698sssy  2067sus  295Tsew  2423ims 2071w
CMAES 234101 - - - - - - - - E -
8115817 20406500 403 429us  AlBsas 217192100 2825315 287531
Trimentoring Llledsana  -Llledsana  -Llledsana 2094z Ll3edsasa -LI3edsaie  -Ll3edsasa 210edziom  -LI3edsaisa “Li3e3saisa

Table 33: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near

the optimal value.

Details are the same as Table 5.

Steps =50 | =100 |
Task GTOPX 2
f(@orr) -175.10:075
Metric S sI o1 SO 50, ES st o1 S0 S0, sI o1 S0,
8275300 -308i20  308i2w  308saw  308aaw | -1Sledsima 5.6l -5.612595 56105 560ses | -l -7.9320m -7.9320m -7.9350m
L0Bedsras 1050655 1050655 1050645 -105.06:2sr | -BOSe3seosa  -10038smm  -10038smm  -10038smm  -10038smn | -15dedsizes 9762010 9T62eism  9T62esw 9162w
1750020 1.00s0m 1.00:000 1.00:000 100s000 | 17510200 1.0010m 100000 100200 100s000 | -175.10200  1.00z0m 10020m 100200 100200
18765051 -0.684126 L1922 08715 09507 | -133e3sima -189s2m 3020w 232%am 206ma | -155e3sa 356450 5635019 4350m 3565
404.68swr2 -078s0s0  078s0s  078s0s  -0780u - - - - - - - - - -
B1L00s72  -661sm  -66lsn  -66leew  66lsew | 278.62em@ 3.2 329uan 329w | 27725sum 27w 217410 217419 217419
495eSsiie  -446edsoma  446edsoma  d4d6edtoma  -446e3som | 4 4leSsons 42edios  42dednma 424edinma | 429eSrosns  413edwa A13edinwa  Al3eBinwa 413eBirua
GTOPX 3
-134.83s05
97027swom 23240 23221m 2.3221m 2320m | 2543ama 8224w 8224785 8220w 822w | S46e3sima  -1934mn -1934sma | -1934sma -193dsn
3.35eSsaiss -66930su00 -669.30+u016  -669.30+1016 669304116 | -4.53eSerome  -1.03e3ssess  -103e3rsass  -L03edsass -L03edssaw | -350edsiomes  -Ll6edsnss  -Ll6edsnsn  -L16e3insn  -L16e3swsi
1348305 1.00s0m 1002000 100:000 | 13483205 1.00s0m 1002000 1002000 100s000 | 13483205 1.00z0m 100200 1.0020m 100200
S185.395505  -6.68+11x 8500 937enn | 32390smen  360sex  -637ens  A59smus  A2lew | 32379mmew 2654w 4T2som 33920 2.6654m
308135000 920563 920:62  9.20s63 - - - - - - - - - -
334874008 3859400 4186207 4327emn | 269dsioe  AT16sas  -5370raw  A99liws  A892unw | -153eTsane  -192diimes -192ediimes  -192eAiimes  -1.92ediiies
Trimentoring | -9.67e7s17s  -11le6sasus  -11le6sasis  -L1le6sasis  -I.1le6sasis | -1.63eBsoms 12965270 129652760  -1.09ebs27ees  -1.29e62706 2eBiices  -ldBebiioms  -1dBebrions  -Ld4Bebrions  -14Bebrions
Task GTOPX 4.
f(@er) -194.03 0
ARCOO | -54dedsine  -8934smus  893demu  8934emu 8934 | -263¢5sames 66155515 66155017 66155515 | S.03eScine  -120edsne  -120e3soe | -121e3som  -121e3s0m
BO 430e3ima  430e3sime  A30ediise 4.303iims | 4795t -5.09e3s2ua S5.19e3s2ua -5.093i2ua | -157eSsims  A6ledsians  A6ledrison  Ablediin  46lediian
CBAS 10000 1002000 1002000 100000 | -194.0320m 100100 100000 1.002000 100000 | -1940320m 1000 1.002000 1.0020m 1002000
CCDDEA | 494.13:050  -78.23smm 97095 8651ems  -8977smmss | -204eScumes  -473.01sss 76377510 580782107 54029500406 Qebirnie  6.323ru 80363 T0Se3rises  -6.33e3eiss
CMAES | -69685:s1c  -1831cws  -1831eim  -18.31eiom  -18.31510m - - - - - - - - - -
TTDDEA | 35530118  -62784swn  -627.84s00 6278410 -62784smon | 4104dsss0s 311030000 -311.03:m0ss  -311.03 2008 -311.035m0ms | -394.155 2068650 -206.626m1s 20641021
Trimentoring | -619.08:2051 581092150 -581.094 1060 -581.0951m6  -581.00s14 | -664.225m0s  -58420s100  -58420u1m  -58421uisa 5842 Lsrsnn | 590884 58519510y 585191403 -585.19:1480
Task GTOPX 6
(@her) 102965020
ARCOO 2448r0n  2448i0n  2448rwm  2448:wn | -6.0%¢drises  26286:wmc  26286zmmc  26286summe 262865 | 1.01eds s 59393150 59393115 59393115
BO w B465iiss  8465isu  $465iisw  $465iisu | 463eiiua  8886ism  8886ism  B886rism  88.86ssm | -5.70e3sema 885311 -88.53inm  -88.53inm
CBAS -102.96:020 1.00:0m 100s0m | 1029650 10040 1002000 1002000 100000 | -102960 1.0020m 1.0020m 1.0020m
CCDDEA | -178.285011 105:s0  -L12soss | -L1Se3tina 55T TA2ens 636kow  608sws | -137edsime 83dsmw -11.09:zmss  95lius  835:imm
CMAES | 330655351 3682100 3682100 - - - - - - - - - -
TIDDEA | 27733t -1327som  -1337:0m  -1332s0m  -13332000 | -17681sar  -6.70sin 685210 67T 675z | -17832:se  420m 463501 439520 420520
Trimentoring | -234¢5sms 733311500 733315000 1.3363b130et T.33e3bret | 46065 iiiks 7366315 T36e3iises  T36¢3sises 736¢3s15et | -1.09¢Sirins -6.80c3u1es 6803110t 6803k 1wt 6,803k 11
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Table 34: Overall results for GTOPX unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Steps t =50 t =100 =150
Task GTOPX 2
f (@orr) -136.28205
Metric FS SI o1 SO 50, FS o1 S0 S0, FS st o1 S0 S0,
655750m% 38020 380i  380m@ 3806 | 79584swne 498isw  498isw 4985w | -10dedu 595565 595565 595565 595165
6533 -140.68em0  -140.68s00 140,68+ -140.6850 | -8.Tdedssva 141295035 141295035 1412921035 | -7.00e3s 13987200 1398721000 -1398T2i0 139875100
-136. 100000 100000 1.00:000 1.00:000 | -136.280 1.00:000 1.00z00 100:000 | -136.28z0 10020 100200 100200
25220emm 1974w 324ssm  2ddsn  26Tse ed et 45650 -3375umss -3L124eom | -6.0ledisoes 2275255410 -167 470w -132.89m9
35875smm 23000 -230s0m 3000 -230s0m - - - - - - - - - -
-392.64 19400 -13.151847 -13.154847 -13.151847 -13.154547 -362.37 10077 -8.012470 -8.012470 -384.09+11200 -6.291352 -6.291352 -6.294352 -6.29+352
193.73s100 494190100 494.19:im 49419+ 4941910 | -3.75eSosmes 1393w -1.393sama | 40leSiions  2.60e3sses  260e3ssswa | 260e3asun -2.60c3ss0m
GTOPX 3
-102.69:000
-1.27e3x1603 -7.4047.40 -7.4047.40 -5.54eds1mmes  -129.54130m05s  -129.54230m05  -129.54430805  -129.54430805 | -1.07e5425%s5  -533.87 4130 3.87 413203
-3.96e4 5251 ldledionn  -l4ledwsn | 228edsona  -l4dedrnon  -14dednon  -LAde3snen  -144e3snan | 4.90cdiiies  -146e3sunn 31199
-102.69:049 1.00000 1.00-£000 -102.69049 100000 100000 1.00+00 1.00-£000 -102.69-049 1.002000
2183221108 73 9048smon -9925samis | 2523sava -3993uwn  T294sien  SlABamm  4705s0n | 2.57edssna 606851555 4378ama  -3454som
37472 1587snn  -1587sun  1587sum  -1587sunm - - - - - - - - - -
22051205 8145200 1008940 -89.83emo0  -9320uman | -2.68eSi7es 278e3srna  2TTedema -277e3 942eSims -L1Sedsames  -L1Sedsrnes  L1Sedsaries  -115edsarics
Trimentoring | -3.94e5s100  -3.37eds 337edssm  337edsswe -337edssaet | -113eBrava 3d0eSsuns  BA0eSianes  -3AOeSiines | -LOleBrasms  -624eSiises  -6.24eSiises  -624eSiisne -6.24eS:isre
Task GTOPX 4
F(@hee) -153.62+000
ARCOO 162200 162200 16224me 1622400 | -101eSsaes  -1579Lsnens 15791 ss04 1097 sane 7893520 78963 20e 789352000
BO 8dledsosa  8Aledsosc  -BAledses  Bdledsess | 272eSsames  -6.29e3sinen 62935310 259525 -6.20e3 51301 -6 20631561 -6.20¢3 103
CBAS 1.00£000 1.00£000 1.00£000 1.00£000 -153.62+060 1.00+000 1.00+000 1.00+000 -153.62+060 1.00000 1.00000 1.00£000 1.00£000
CCDDEA | -2 wr -1.48¢ 20ledsasis  -17063saoa 1793 sema | -6.28eSisms  2.04eSesaes  270eSsrunes  -232eSsames 6.30eSsisis -1.38eSsasms  -1.82eSkares  -1.5TeSsamns  -138eSsams
CMAES | -68292:mw  9634sin2  9634x0n 9634w 963400 - - - - - - - - -
TTDDEA | -350.194ima 446 07ssws20 446075520 4460745530 446.070sm50 | 43028252 -218.985ames 2220050 22047550 440520000 -13844si6m 14835000 -143.07msn -138.5051001
Trimentoring | -607.72ssm  -84.93swie  84.93:me  84.93swie  8493swie | 42167:wen  85.39swiss  85.39:uwiss  -85.39cuiss 481.59sme  8552swsi  85.52:usi  85.52ewsis  -85.52:uwsi
Task GTOPX 6
f(@er) 83,3720
ARCOO 3l17ean  Bl17eas | BL1Temw  3L17:ns | -217¢55ms Ll6edcina  -Ll6edsma  -L16e3sama | -140eSiaces -176e3sica  -L76e3sica  -176€3semn  -1.76¢3x1en
BO 152845mn0 1528450 152845 -152.8411mm0 | -4.94e3sima 43940y 143940y 143940y | T94c3ima  -139.99ium  -139.99:um  -139994um  -139.99ium
CBAS -8 1.00:0m 83,3750 1002000 1002000 1.00200 33720 1.0020m 1.00z0m 1.0020m 1.0020m
CCDDEA | 2434051 444z T3 srset 1309200 86390 80.63suon | T02e3iisses  8475sne  -119.54mme 9793z 8489
CMAES | -3838350m 69207 - - - - - - - - -
TTDDEA | -2.94¢325010 77213001 -90.77 213601 -6.54e3 51100 7595suen  1595smen  T595smen | 9.07e3san  96.07smee  96.07enee  96.17+wwes 96174100
Trimentoring | 21940007 -843.36521 8433652110 216315025 844895200 84489san0 844892 | 25016510 8452920 845.29:am0  845.29:2m0 84529210

Table 35: Overall results for mujoco unconstrained tasks with 128
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the
optimal value. Details are the same as Table 5.

solutions and 100th percentile

Steps | t =50 t =100 | =150
Task Mujoco |
J(@o 037200
Metric FS SI o1 SO S0, FS SI o1 SO 50, FS SI o1 SO SO,
0941012 10000 0975007 098s00s | 0.64soss  0.69:000 126500 089:005  0.82:00 | 0.72s012  073s0m  14Sso0s  097s00  0.73s0m
0.85:002 127500 | 0.72s0m  0.8520m 16800 L1200 102:00 | 088005 084001 1680 Ll2soo 0840
-35.2240m 352240 | 0.004000  -3541son  -3541s0 35410 35 000:000 35475002 -3547:0n 3547200 -35.47:0m
0792003 119200 | 0782000 083:00 16700 Lllsoss 0781000 0854005 1.70:0m  L13soss 085005
098:00  1.96001 1482001 - - - - - - - - - -
045:0m  0.89:01 067:0n | 022:0m 0372000 074w 049201 045:0m | 023s0m  03dz0n 2 046sois  034xom
091:000  0.92:00  184soos  1.23s0m  138s00¢ | 089000  094s00s 1870w 125:0m  L12:00s | 0.88400¢ 093300 187s0mr  125i00s  0.94s00
Mujoco 2
-0.10200
003:0 095501 10lsow  097s0mr 098200 | 042:0m 0640w 1232000  O084som 076200 | 0d3zow  0.73z0m 0982008 0732000
045:02  078:0m  1d4dson  1Olios  Ll2toos | 053z 072:0m  14dsonn  096im  0.87:0m 50s01s 0722008 A 09650 0.72:000
S186:000 -173.041027  -173.04s0  -173.04502 -173.04s02 | -1.865000 17395502 -173.955027 -173950027 -173.95:02 | -1.86s0m0 -174.25402 -17425202  -174.25502 17425502
075:006 1492008 1.00s00s  Ll12sow | 0.25s0m  0.75:005  150:00  1.00s00r  090s00s | 02520m1 076200 1012009 0.76z000
090:00  1.80s00 12000 135:00 - - - = s - - - -
064s000 1295015 086s0m0  097:on | 023k 0.6lsoos 123501 082:010  074sow | 024s0s  0.61s0m 08ls0n  0.61s00
Trimentoring 085:00s 16820 L12sw 127500 | 0.40s01  0.85:006  1.68s0n L13som  1.02:000 | 0.40:01  0.83z00 Lllsos  0.84x006

Table 36: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps | t=50 t = 100 | ~ 150
Task Mujoco |
F(@opr) 0.40:000
Metric FS S ol SO 50, FS S or SO 50, FS st o1 SO S0,
ARCOO | 0402000 1002000 1000w 1002000 100000 | 0.68201s 07220 L13zow  O8720m  0.82:00 | 078200  0.68200 1370 091s006  0.69:008
BO 080:00 084200 16600 Lllso  125:0m | 0.82i000 083200 1672001 Lilioor  1.00s0m | 07250  083s0m 166001 Lllsoa 083100
CBAS 0.00:000  -38.87502  -38.87:0m  38.87:0m 3887102 | 0.00i0m0  -39.08102  -39.08:02  -39.08:02  -39.08:02 | 0.00i0m  -39.05:02  -39.05i02  -39.05:02  -39.05:02
CCDDEA | 0732016 07720 154ois 10320 L16zon | 0.77:01s 082+ 1.63z0is 109010  098s0m | 0772015 08320  166zon  Lllze  083:0m
CMAES | 097200 09800 197500 1310 1482001 - - - - - - - - - -
022:000  OA4lson 083s02  055:01  0.62:01 | 022500 03320 0.67:0m  045so1s 04001 | 022600 0.30s012 02 04006 030s0m
0860 093:0m 172402 L19ow 1332013 | 084som  094som 176202 1220w Lllzoos | 0.86:s  095:0m o0 123200 095:0m
Mujoco 2
-0.0420m
004s0m  1.00s0m 100000 1.00s0m  1.00s000 | 0400 068200 1192000  086s0ss 080200 | 048:01s  071som 09450 07100
080006 1dlioss  102som L1200 | 042402 0.73:00  L4liow 09600  087<0m | 04dsoo  0.71som 0951005 0.71s00
17929203 -179.29:08  -179.29203 -179.29:03¢ | 186200 -180.23203 -180.23:03 -180.23203 -180.232034 | -1.862000  -180.54:03 -180.54203  -180.54203
01506 0752000 149i000 1000w L12:00 | 03202 0760w L5lie  LOliow 091200 | 0.32:02  0.77:0m 10300 07800
0.62:008 0874006 174s000  L16sowe 1312007 - - - - - - - - - -
TTDDEA | -005:0m  06lsoos  123:0  082s0m 09301 | 0040 05800  Ll6zors  077t00  070:0m | 004202  0.57<0m 076100 0.57:008
Trimentoring | 0.32:01 08600 158s0m L1006 123:00 | 029s01 0860 157:02  L10soor  10lsoss | 036202  0.85:00 1.09:0m  0.85:007
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Table 37: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the

optimal value. Details are the same as Table 5.

Steps \ t =50 t =100 t =150
Task Mujoco 1
S(@orr) 0452000
Metric S ol SO 50, FS S ol SO S0, FS st ol SO SO,
ARCOO 1.00z000 1.00+000 1.00x000 1.00z000 0.63+012 0.74x014 1.09x008 0.87+00 0.82x011 0.74x012 0.67+007 1.31z0n 0.89+008 0.67+007
BO 0.82+001 1.641002 1094001 1.232002 0.80+0.10 0. 001 1651002 1102001 0.99+001 0.77+000 0.82+001 165002 1104001 0.83+001
CBAS 4302:0n  43.02:08 4312+ -43.02:0 | 0.00:0m 43351018 4335:0  -4335:0m | 0.00s0m  -d43.42:01 -4 43421018 43422018
CCDDEA 0.73x000 1.45+010 097012 109014 0.73+008 1.55+014 1.03z000 0.93x008 0.73x008 0.79+007 1.05x010 0.79+007
CMAES 0.98001 1.95+00 1.30+002 1472002 - - - - - - - - -
TTDDEA 024s0m 04920 033202 03701 | 023s000 01720 03dsoxs  023s01s  02lsow | 0232000  0.15:0m 02001 015201
Trimentoring 0.92:001 1.85+00 1.23x002 139002 0.90+002 0.93z001 1.86+003 1.24200 1.12z002 0.90002 0.93+001 1.24x0m 0.93+001
Task Mujoco 2
flxser) 0.03 001
ARCOO 1.00+000 1.00+000 1.00+000 100000 0424013 0.67+010 1134008 0.83+007 0.77 +008 0.51+008 0.68+003 0.91+00¢ 0.69+003
BO 0.732007 soo 094s00  104soss | 05701 o 133zom  09lsoe 083z | 042s018  0.67:00¢ 0.89:006  0.67:000
CBAS -185.68+045  -185.68+04s -185.682045 -185.68+045 | -1.86+000 -186.65046 -186.65+046 -186.65+046 -186.65:046 | -1.86t00m -186.97+046 - -186.97+046 -186.97+0.46
CCDDEA 0.75+005 1.491010 1.00+007 1124008 0345014 0.74 2005 1.48:010 0.99+006 0.89+006 0.34 1014 0.74 4007 1.49:014 0.99+000 0.74 4007
CMAES 084006 1.67+012 111008 1.26x000 - - - - - - - - - -
TTDDEA . 0.33z015 0.66+029 0445020 0.50+022 -0.62+050 0.27+020 0.53+030 0.35+026 0.32+024 -1.01x08s 0.25+020 0.50040 0.341027 0.25+020
Trimentoring | 0.49:0.10 0.82+007 1.63+013 1094000 1.23:010 0434013 0.81+007 1631014 1.08+0.10 0.98+009 0.41+012 0.80+006 1.594013 1.06+000 0.80+006

Table 38: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps | t =50 t = 100 t =150
Task Mujoco 1
f(@6er) 0502000
Metric S or ) 0., FS o1 ) S0, FS SI o1 SO SO,
ARCOO 100001 100s0m 1002000 100:oe0 | 0.64:000 L10:0  086i007  08lsos | 0752008 06720  133:00 0892006  0.6720m
BO 082:000  L6liom 10920 12200 | 0.770m 1.60200s L0720 096:002 | 0.82:000  0.80z00 1602002 107500 08100
CBAS 48.64s0n  -A8.6dr03  -d8.64on  -48.6403 | 0.00:0m 4889103  48.89:03  -48.80i0n | 0.00s0c0 4898103  -48.98:0m  -AB.9Biom  -48.98:0m
CCDDEA 073200 146:0n  097:00 L1000 | 0.75:0m  0.75:008  150soss  100z0m0  09l:0m | 0.75:0m  0.76:0m  152:0i  10lso  0.76:0m
CMAES 098000 1.9720m 1315001 1482001 - - - - - - - - = =
027:om 012w  023s0s  OdSses  O.07:0n | 027:om  -0.02:05  -0.04s0  -003:0s 003203 | 027:on  -007:0m  -Oldsoe 010 -0.07:0m
0942000 0.92:0  184so0s  1.23:0m 139200 | 0.94s00  094x000  1.87:00 1250 L3200 | 0.93:00s  0.94s00s  1.88:00  125:00  0.94z008
Mujoco 2
0.112000
012000  1.00s000 1002000  1.00z0m  1.00z000 | 03901 0682000 1300  085:00 079200 | 0.55:0i 0672000 L34xo0s 0892006  0.67=00
Slioie  07lioos 135t 093100  103ioss | 050s01  0.68:000 135w 090s00  08lioos | Oddsons  0.68:00 090:00s  0.68:00
-1.8 194215035 194212035 -194215035  -194.215035 | 18620 -195.232035 -195.23:035 -195232035 -195.23z035 | -1.8620m  -195.56203s -195.562035  -195.562035
0.1220 0742005 1dleon  097x007 108008 | 0.38x0m 072000 143s008 095005 0.86:00s | 0382000  0.73005 098007 0.73z005
0.60:00s  085:000  L7lior  Lldsow 1281000 - - - - - - - - -
TTDDEA 00805 007204 -Odlzon 003203 | 1860 023203 046205 0300  027s0m | -L64soss  -0.28:0m 03805 028102
Trimentoring 085000 16800 L13woos 127008 | 0.52+000  0.83s00e  1.65:oms  L10soos 10000 | 0512000  0.83x00 1102006 0.83z00

Table 39: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

Steps | t =50 t =100 t =150
Task Mujoco 1
f(@ore) 0.59:001
Metric FS SI o1 SO SO, FS ST o1 SO SO, FS SI (o)} SO SO,
ARCOO 0.59+001 100000 1.00+000 1.00+000 100000 0.78+0.10 0.67 009 1124008 0.84 4008 0.77 +008 0.87 1008 0.67 4005 1.352010 0.90+007 0.68+005
BO 0.75x007 0.76002 1.50002 1.01x00 1.13x00 0.70-008 0.76x001 1.51x001 1.01x001 091001 0.78+008 0.75+001 1.51x001 1.00=001 0.76+001
CBAS 0.00x000  -57.79+058 -57.79+058 -57.79+0s8 -57.79+0s58 | 0.00+000  -58.10+0s8 -58.10+058 -58.10£058 -58.10+058 0.00+000  -58.20:050 -58.20+059 -58.20+0590 -58.20+050
CCDDEA 0.71 2007 0.66+0.11 1.31402 0.88+0.15 0.99:016 0.70+006 0.66+005 1.324000 0.88+006 0.80006 0.70+006 0.66+005 1.332010 0.88+007 0.67+00s
CMAES 0.97x001 0.98001 1.96001 1.31x001 1.48001 - - - - - - - - - -
TTDDEA 0.34:012 -l4lsis -2.824307 -1.88205 “2.12:2m 0345012 -1.90+190 -3.80+39 -2.531260 -2.29:1240 0.34+012 -2.05+215 410430 274125 06216
Trimentoring 0.92:002 1.841004 1.23200m 1.38003 0945004 0.94:00 1.87 1005 1.25+00 1122003 0.93+00¢ 0.94 5003 1.88x005 1.25400¢ 0945003
Task Mujoco 2
J(@orr) 0.23z001
ARCOO | 02300 100:ow  1.00:00 1000  1.00:0m | 04502  067:om  L12sonn 083z 077:0m | 0.53i01s 067+ 1332010 0895000  0.67z0m
BO 0.43x019 0.70004 1.245000 0.90x004 0.99:004 0.55+028 0.67x004 1.25+000 0.87+004 0.80x004 0.46+017 0.63+003 1.26:006 0.8400 0.63+003
CBAS -1.86:000 -205.86+046 -205.86+04 -205.864046 -205.861045 | -1.86+000 -206.94:046 -206.941045 -206.94404 -206.94:04 | -1.8640m -207.29+04 -207.29:046 -207.29+046 -207.29+046
CCDDEA | 000202  0.64:o0s 128015 08620 09601 | 0.38som  0.64z0s  128:00  0.86:00  077:0 | 0.3820m 06607 132:01 0882000 066200
CMAES 0.69x007 0.84 007 1.67+015 1L11x000 1.26z011 - - - - - - - - - -
TTDDEA -0.69+091 0.07+040 0.13+080 0.09+053 0.10:060 -0.491050 -0.14 060 -0.294121 -0.19+081 -0.17+073 -0.44 108 -0.18+06 -0.35+127 -0.24 108 -0.18+064
Trimentoring | 0.59:00  0.85:00:  L68towr  L12so0s  127:0m | 0.58s00  0.84xos  168soms  L12so0s  1O0lsoss | 0.562000 083200  L67:00  Lllsoos  084zom

Table 40: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
the optimal value. Details are the same as Table 5.

Steps | t =50 t =100 t =150
Tas| Mujoco 1
f(@5er) 040000
Metric FS SI o1 SO S0, FS SI o1 SO S0, FS SI o1 50 S0,
ARCOO 0.45014 0.94+015 1.01z003 0.97+009 0.98006 0.77+0m 0.69004 1.27+013 0.89+006 0.82:x005 0.84+010 0.74x005 14700 0.98+007 0.74+006
BO 0.81 008 0.84 1002 1.66+002 L11som 1.25:00 0.82:4007 0.83+001 1661002 L1100 100001 0.86+006 0.834001 1.662001 L1l 0.83+001
CBAS 00000  -38.87+02  -3887s0: 388702  -38.87:0: | 0.0  -39.08:02  -39.08s0n  -39.082022  -39.08:02 | 0.00s000  -39.15:02  -39.15:0:  39.05202  -39.15:02
CCDDEA 0.71x020 0.76+005 1.51+010 1.01x007 1142008 0.74+010 0.79006 1.57+013 1.05+008 0.95+008 0.74+010 0.80+007 1.592014 1.06+0.10 0.80+007
CMAES 0.97 001 0.98+001 1.96-001 1314001 148001 - - - - - - - - - -
TTDDEA | 022:0n1  036s02 0732025 048201 05520 | 021:0m0 06102 OAlzoz 036z | 02400 028201 0570 0380 028z01
Trimentoring | 0.89:00 091002 1.81z00 1.21x003 1.36003 0.87+007 1.84 1008 1.232005 1.11z00s 0.86+000 0.92:+004 1.832000 1.224000 0.92:+004
Task Mujoco 2
fl@ser) 0041000
ARCOO -0.03:00 0.9800¢ 1.00+000 0.99:+002 0.99:001 0.3840090 0.680.11 117+010 0.85+009 0.790.10 0.57+039 0.69+005 1.39:2010 0.93+007 0.70+00s
BO 0.48=012 0.75+00¢ 1.43x007 0.99004 1.10=005 0.42+010 0.73x004 14400 0.97+004 0.88+004 0.50+0.18 0.72+003 14500 0.96+00: 0.72+003
CBAS -179.29+03  -179.29:03  -179.29203¢  -179.29+034 | -1.86+000 -180.23203¢  -180.23+034  -180.234034 -180.23:03¢ | -1.86+0m -180.54+031 -180.54:03¢ -180.54+03 -180.54+03
CCDDEA 0.80+005 1.60+0.10 1.06+007 1.20008 0.264013 0.77 2006 1.53+012 1.02+008 0.92:+007 0.26+013 0.75 4007 1.502014 1.00+0.10 0.764007
CMAES 0.87+005 1.74x011 1.16x007 1.31 008 - - - - - - - - - -
TTDDEA 0.49:0.14 0.98+028 0.65+019 0.73x021 -0.26:03 0.: 0.84+03 0.56+022 0.51+020 -0.26+030 0.41+017 0.81x035 0.54+023 0.41+017
Trimentoring 0.85+00¢ 1.69+008 1132006 1.27006 0.534012 £005 1.72x010 1154007 1.032006 0.51+013 0.86+006 171200 114s00 0.86+006
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Table 41: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps \ t =50 t =100 t =150
Task Mujoco 1
S(@orr) 0452000
Metric S ol SO 50, FS ol ) S0, FS ol SO SO,
ARCOO 091014 1.00z001 0.95+000 0.96000 0.80x0.10 1.29+008 0.91x007 0.83x007 0.80+008 1.48005 0.99:003 0.74x002
BO 0.82+001 1.63 1002 1094002 1.232002 0.764010 163001 1.09+001 0.98+001 0.75+008 1631001 1.09+001 0.82+001
CBAS 43020 43.02:08 4302+ -43.12:08 | 0.00:0m 43351018 -4335:0  -4335:018 | 0.00:0m 4 43421018 43.42:018
CCDDEA X 0.76x000 1.52z01 1.01x008 114000 0.65+0.14 1.48+018 0.99+012 0.89x011 0.65+014 0.98+0.14 0.74x0m
CMAES 0.97+001 0.98+001 1.96+002 1314001 1472002 - - - - - - - - -
TTDDEA | 030:00 0352000  0.69:0s 046201 0.52:01 | 0282000 0302000  0.59:020 04020 03620 | 030:0m 0282010 038:016 0282010
Trimentoring | 091000 0.9100: 1.832000 1.22+006 137007 0.86+0.14 0.91:006 1.82:012 1.22z008 1.10z007 0.85+013 0.90+008 121011 0.91x008
Task Mujoco 2
flxser) 0.03 001
ARCOO 0.05:+006 0.97 +008 1.00+000 0.98+005 0.99 003 0.40+015 0.71+007 1.214006 0.89+005 0.82:+006 0.50+012 0.724002 1445005 0.96+003 0.72+002
BO 075:000 143200 098s00s  L10zowe | 0.57:0n 07320  143s0  097so0s  088s0m | 048201  07lsoos 143200 095s00  0.72z00s
CBAS -185.68+045  -185.68+04s -185.682045 -185.68+045 | -1.86+000 -186.65046 -186.65+046 -186.65+046 -186.65:046 | -1.8610m -186.97+046 -186.97x046 -186.97+046 -186.97+046
CCDDEA 0.73+005 1445000 0.97 4006 109006 0.264014 0.70+004 1.391007 0.93 4005 0.84 4004 0.26+014 0.69+00s 1.372010 0914007 0.69+005
CMAES 084z 16820 L12sos 126200 - - - - - - - - - -
TTDDEA » 0.24:011 0.48+023 0.32x015 0.36+017 -0.26+014 0.18:0 0.36+025 0245017 0.22x015 -0.28+014 0.16x014 0.32:027 0.21+018 0.16x014
Trimentoring | 0.64:00s 0.84 1003 1.69+006 1124004 1.27 005 0.59+008 0.83+004 1.67+008 1.11+00s 1.00+00s 0.59+000 0.83+004 1.66:000 1114006 0.83+004

Table 42: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value. Details are the same as Table 5.

Steps | t =50 t = 100 t =150
Task Mujoco 1
f(@6er) 0472000
Metric S or ) 0., FS o1 SO S0, FS SI SO SO,
ARCOO 094:0m  1.00z00 097+ 09800 | 0772006 126000 0.89s00 08l | 082:000 073200 0981000 0.74z00
BO 082:000  16liom  108x0 122002 | 0.80u00s 1.62200 108200 0.98:00 | 0.82s008  0.8lsom 108200 0.81s001
CBAS 000:00  -d45.62+025  -45.62:02  45.62s025  -45.62:02 | 0.00:0m 4586102 4586102  -45.86102 | 0.00s000  -45.9402 4594102 -45.94:020
CCDDEA | 0.692017  0.72:008 14501 0.96z0m 108012 | 0.7320m 1532021 L0201 092:01 | 0.73:0m  0.78:0n 104006 0.78:0m
CMAES | 0.97:00  0.98s001 19600 130200 14720, - - - E - - - - - -
030:0  026:0:  0.53s02 0350 040sois | 030soss  Od8sois  037s0m 0252 022i0m | 03240 Od6sorr  033:03 022002 0.06:01
0942000 093s0  185:00  124s0m 139200 | 09100  094s00 18800 125:0m L3200 | 091soos  0.94s0;  1.89:00s  126:00  0.95:00
Mujoco 2
0072000
0072000 1.00s000 1002000  1.00z0m  1.00s000 | 0424012 0662006 11920  O84soor 077200 | 046:016 070200 140006 094z00s  0.70z00
04lion  070:00 1324000  092imr  1.02:00s | 04740 07liowr  133:000  0934oms  084s000 | 0.58402  0.67:00s 089500 0.67:008
1860w -189.94200 -189.94s0m  -189.9420% -189.94:0n | -18620m -190.93203 -190.93:0m  -190.93z03 -190.93z0m | -186z0  -191.26:03 -191.26203  -1912620m
0082025 07100 142400 0950w  1.07:000 | 03301 0.69:0m 1392000 093:0r  084son | 033w 0.70:0n 093z015  0.70z0m
079:015 08300 1.66ioos  Lllsoss  1.25:000 - - - - - - - - -
TTDDEA | 0.1 02401 047202 032s0 0360w | -021son 0182015  035:0w 024k 02lsos | -022s0m  0.15z0 02102 0162016
Trimentoring | 0.65:010  0.83s00¢  16leorz 1100w 123200 | 0.56021  081=000 15601 1074008 097000 | 0.58:02  0.78z00 103200 0.78z0m

Table 43: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps | t =50 t = 100 t =150
Task Mujoco 1
f(@hpr) 0502000
Metric FS sI ol SO 50, FS S o1 SO 50, FS SI ol SO SO,
ARCOO | 0.54s00  095:00  1.0lioe  097so 099200 | 0785008  0.69:00s 12400 0.88i00s  08lsoss | O8dsoos 07300 147500 098ioos  0.73i0m
BO 08000 0.81:00 15900 107200 120z | 0.7920m  0.80z00 1.602001 10700 096200 | 07700 080200 1.60=001 1072000 0.81z001
CBAS 0002000  -48.644031  -48.64s03  48.64sos  -48.64103 | 0.001000 4889103  -48.89i0s  -48.89:03  -48.89:03 | 0.00om  -48.98:0n  -48.98s0n 489803  -48.98:0%
CCDDEA | 073:018  0.72:008 L4dsors 09600  LOBson | 073:00  0.76:0m 1532026 1.02:016  0.92:01s | 073501 0785014 1562028 1.0ds01  0.78:014
CMAES | 0.9700 098001 196:0m 13000 1472001 - - - - - - - - = =
TTDDEA | 0.35:0m  0.2:053 025402 075017 01902 | 03240 00600 00240 008202 0.07:0m | 0332008 004w 008203 0060z  0.04son
Trimentoring | 094200 0.92:00 1842006 1232008 138500 | 093400  094s0m 187000 1252005 112200 | 092500 094500 187008 1255005 0.94z00
Task Mujoco 2
J (@) 0.11:000
ARCOO | 0.1z  100:ow  1.00:000 100w  1.00z0m | Odlionr  0.71:on Lldzon  087so0  08lsow | 0.62:0m  0.67:00s  135:0m  090s00  0.68z00s
BO 0.42 0732008 1332000 094000 1.04sor | 0462002 0.69:005 133200 09100 0.82:00 | 04320m  0.6740m 133200 0.89:0m  0.67000
CBAS | -1.86:000 -194214035 -19421s035 -194.21s035 19420403 | -1.861000 -195.23s035 195231035 -195.23s035 -19523s035 | -1.862000 -195.561035 19556203 -195.564035 -195.562035
CCDDEA | 0.18 0.69:000 135:01  092:000  L03:an | 029201  0.65:0m 129:00  086ios  078:00 | 029:0m1  0.64x0m 127200 08500  0.64s0,
CMAES | 0.76x 0842005 1682000 L1200 126500 - - - = - - - - B B
TTDDEA | -0.15:01s  02ls0r  04240m 028502 03lsozs | 0.05:0m  015:0m  03lsow  020s0as  019:02 | 00901 003400 026:03 0174035 0.03:00
Trimentoring | 0.75:01  0.81:007 162:00 108200 122:0 | 06420 080200  158:0m 1060w 096200 | 0.65:tom  0.79:00 1582012 105:0m8  0.79:006

Table 44: Overall results for mujoco unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Steps | t =50 t =100 t =150
Tas| Mujoco 1
f(@5er) 059001
Metric FS S o1 SO S0, FS SI o1 SO S0, FS SI o1 50 S0,
ARCOO 0.62005 0.95+000 1.00+001 0.98+005 0.98004 0.89:+006 0.68x004 1.27+0m0 0.89+005 0.81x004 0.92+000 0.75+003 1492008 1.00+00 0.75+003
BO 0.79010 0.77 1002 1.50+00 102400 114200 0.714012 0.77 001 15100 1.01+002 0.92500 0.82:+0.10 0.75+001 1.51 002 1.00+001 0.76+001
CBAS 00000  -57.79:0s  -57.79z0s  -57.790ss  -57.79:0s | 0.00s000  -58.10s0s  -58.10s0s  -58.1020s  -58.10s0s | 0.00s000  -58.2020s  -5820:0s 5820108  -58.20:05
CCDDEA 0.74x0m 0.65+0.14 1.30+028 0.87+019 0.98+021 0.76+006 0.71x000 1.42:018 0945012 0.85+011 0.76+000 0.73+008 0.97+011 0.73+008
CMAES 0.98+001 0.98+001 1.96-+001 1314001 1472001 - - - - - - - - - -
TTDDEA 0.22x000 -1.82:228 -3.65+455 243304 274530 0.29008 -4.16+493 -2.77+329 -2.50x207 0.27+010 -2.041245 -4.08x450 -2.724326 -2.05:246
Trimentoring 0.92:002 1.81z00 1.21x002 137002 0.93:+004 09100 1.82+003 1.215002 1.092002 0.92:000 0914003 1832005 1.224003 0.92:+003
Task Mujoco 2
fl@ser) 0.23 001
ARCOO 0.232001 100000 1.00+000 1.00+000 100000 0.464013 0.742012 1194014 0.90+006 0.84 5008 0.51+011 0.68+008 1.36:4017 0914011 0.68+008
BO 055:0m 06900 122400 088:0s  097:00 | 0.5lton  0.62:0m 1232000 08240 07400 | 0.d3z0m 082+000  0.61=000
CBAS -205.86+046  -205.86+04 -205.862046 -205.86+046 | -1.86+000 -206.94:046 -206.941046 -206.941046 -206.94:046 | -1.8610m -207.29+046  -207.29+0.46
CCDDEA 0.62+006 1.23101 0.82+007 0.93 008 0.274013 0.57 007 1L14z01s 0.76:000 0.69+008 0.27+013 0.55+008 L1lsorr 0.74 011 0.564008
CMAES 0.81+005 1.63000 1.08006 122100 - - - - - - - - - -
TTDDEA -5.82+ -6.70+1251 -6.11x1267 -6.2621263 | -0.262003  -6.21x1330 7. 3. -6.5411329 641335 | 0232007 -6.48+ 1308 -7.54z136 -6.84: 1357 -6.49:1398
Trimentoring 0.77 007 1.545014 1.032010 116011 0.61+014 0.76+008 1.52+016 1.01+010 0.92:010 0.57+000 0.75+007 1.50£015 1.00+0.10 0.75 4007
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Table 45: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the

optimal value. Details are the same as Table 5.

Steps \ t =50 t =100 t =150
Task Mujoco 1
S(@orr) 0.372000
Metric ES S ol SO 50, FS S ol SO S0, FS ol SO SO,
ARCOO 0.36x000 0.99000 0.99+000 0.99:+000 0.99000 0.36+000 0.99000 0.99000 0.99:+000 0.99000 0.36+000 0.99000 0.99000 0.99+000
BO 0.37+004 0.89+001 1.00+000 0.941000 0.96+001 0.364004 0.89+001 1.00+000 0941001 0.92+001 0.37 003 100000 0.94 1001 0.89+001
CBAS 0002000 o 22:0 352240 352201 | 000w 354l -35.41s0n 3541k -35.4l1son | 0.00:00 354701 -3547x0m  -35.47:0n2
CCDDEA 0.75x000 80004 52007 1042003 117003 0.78+007 0.86x003 64008 113200 1.02z002 0.78+007 1.6 11500 0.88+003
CMAES 0.75+004 0.94 1002 1.524008 1164002 1.26:+00 - - - - - - - - - -
TTDDEA | 022:00  057:01 06l 058201  0.59:020 | 022:0m  0.52:0m 0550 053z0as 053202 | 022:0m 05202 053202 05202
Trimentoring | 0.64=006 0.92:003 1.35x008 109002 1172003 0.64x008 0.94:00 1410 1132008 1.06002 0.63+000 0.95+003 11400 0.95+003
Task Mujoco 2
flxser) 010000
ARCOO -0.10000 0.99000 0.99+000 0.99+000 0.99000 -0.10+000 0.99+000 0.99:000 0.99+000 0.99+000 -0.10+000 0.99+000 0.99-000 0.99+000
BO 0.12:00 09100 1.00s00  095:0m  097:00 | -Ollsoss 08900 100200  094som 093200 | 0.10s006  0.89z0m 094s0  0.89:00
CBAS -1.8 o -173.041027  -173.04+027  -173.042027  -173.04027 | -1.86+000 -173.95:027 -173.95+027 -173.95+027 -173.952027 | -1.86+000 -174.25+027 -174.25+027  -174.25+027
CCDDEA 0.06+029 0.78+007 1.39:011 1.00+007 110008 0.25+0m 0.80+006 144501 1.02+006 0.94 1006 0.25+011 0.82:+006 1484013 1.05+007 0.82:+006
CMAES 0.18003 0.97 001 1.29:002 1.1 1z0m 116001 - - - - - - - - - -
TTDDEA - 3 0.71+028 0.89036 0.79x031 0.82:033 -0.45207 0.68+028 0.86+030 0.76+031 0.73x030 -0.46+07 0.67+028 0.85037 0.75+032 0.67+028
Trimentoring | 0.23:00s 091003 1.30+008 1074001 L1400 0.22:4005 0.95+00 137011 112400 1.06:001 0.231005 0.96+001 1.394012 114500 0.96:+001

Table 46: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps | t =50 t = 100 t =150
Task Mujoco 1
f(@6er) 0.40:000
Metric SI or ) 0., FS o1 ) S0, FS SI o1 SO SO,
ARCOO 099:00  099:000 09900 09900 | 0.40:000 099:00 099000 099z | 0.40s0m  0.99:001 099:00  0.99:001
BO 0. 088200 09400 091som 09200 | 038s0m 0. 09400 09000 089200 | 03700 0.86001 09000 0.86x00
CBAS 000:0w  -3887:02  -3887:0:  -38.87i02 3887102 | 0000w  -39.08:02  -39.08i0:  -39.08k02  -39.08i0z | 000w  -39.15:02 39.15:02  -39.15:02
CCDDEA | 073201  0.77:00s 149015 102:om0  Lldson | 0.77s0ss 08320  L6lsors  L10sono 1000w | 0772015  0.85:0m0 L12:o 0865000
CMAES | 0.79:0 0932001 1552000 1162001 127200 - - - - - - - - - -
022:00  052:01s  0.55io1  053sem  054sen | 02liow  047som  0.50s02 0490  048i0x | 02liow  04Sioz  048:02  0d6ioz  045i0m
06120 0.86:00s 119202 1000 1.05:01 | 0.63s0:2 0882000 127402  1.03soss 098013 | 0.62015 090000 1.30c0m  106zors  0.90:010
Mujoco 2
0042000
0042000 0.99:0m 0992000  0.99:0m  0.99:000 | 0042000 099200 099z000 099001 099:00 | -0.04z000  099z00 09900 09900 0.99z00
0.08:00  09lios 09500 0934w 093:0: | -0.00:i00 08900  095:0c  092:wm  09lioes | -Odlioss 08950  095:00  09lioe  0.89:00
1860w -179.29s03 -179.29:08 -179.29203 -179.29:03¢ | 186200 -180.23203 -180.23:03 -180.23203 -180.23203 | 1862000 -180.54:03 -180.5: -180.54203  -180.54203
0782000 142400 1002005 Lllzoos | 032401 0.79:000 147405 1032006 094zo0s | 032s0  O8lsoss  152:00  1.06w0cs  0.82:00s
097500 120w0e 1080 L12:00 - - - - - - - - - -
TTDDEA 058:0m  0.64z03  06leos  062:0n | -04lioe  0.53z0m  058:0e 055k  054sow | -0.54s0e 057200 06l 057200
Trimentoring 0872000 118021 0.99x0m 104200 | 0.15:012 0892000 122402 1.0240m 097010 | O.ldsoz  0.90z00 103200 0.90z008

Table 47: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps | t =50 t = 100 t =150
Task Mujoco 1
f(@hpr) 0.45:000
Metric FS s ol SO 50, FS S or SO 50, FS SI o1 SO S0,
ARCOO | 044:000  0.99:001 099200 099:000 099200 | Oddsow  099:00 09900 099001 099200 | Oddsom 09900 099:00  099:00  0.99:00
BO 037:0m  082:0m  0.86:00  083s0s  084z00 | 036z0m  08lsom  085:00  083soss 0822000 | 0360  08lzom  0.86z00  083soss 08100
CBAS 0002000 43024018 4312008 4302401 43125018 | 0.00s000  -4335:01s  -43.35:0m  -4335s0m  -43.35:0m | 0.00som  43.42:01  -4342e0m  -4342:01  -43.42:0m
CCDDEA 0.72:008 137200 094s0m  1.0Sson | 073:00  0.79:00 1512016 1032008 0.94s008 | 073500  0.8lso0s 1552015 1.06:0m  0.8lso0s
CMAES . 0922001 1542005 1152001 126200 B B B - B R - B - -
TTDDEA | 020:0m  0.10:020  0.10c0m  0.00s02 010020 | 023s00r  0.03:03  O.03s02 03202 0.13:0 | 0232000 005402 05202 Od5s0ax  0.05:0
Trimentoring | 0.67:000  0.91:002 133200 1080 L16socs | 0.70s00s  0.93:0m 1.40:012 112008 10500 | 0702008 094100 14320 L13soss 094100
Task Mujoco 2
J (@) 0.03:001
ARCOO | 0.02:000  099:00 0992000 099001 09900 | 0.02:000 099001 099200 09900 099001 | 0.02:000 09900 0992000  0.99k00  099:000
BO 0072006 0.89:00s  090z00 090000 0.90s00s | -0.132000  0.86:008  09lio;z  0.88ioss 088200 | -0.10s000 086008 09l:ors  088s005  0.86z00
CBAS | -1.86:0m0 -185.084045 -185.682045 -185.68:04s -185.684045 | -1.8610m -186.652045 -186.65:000 -186.655046 -186.652016 | -1.861000 186974046 -186.97:006 -186972045 -186.97:04
CCDDEA | 0.12 0.76:005 L43zom 099200 L10:o0 | 03401 076200  LdSom 099200  0.90s006 | 03dsors 076008 146201 1002000 0.77z008
CMAES | 0.20= 0972001 116008 105001 1.09:002 - - - - - - - - - =
TTDDEA | -1.86:0m  0.09:03%  0.09402 009402  0.09:03 | -1.55:05r  0.03:0»  0.03s02 00320  003:0m | -1.65ioss 0050  0.05:03 00500  0.05:0m
Trimentoring | 0.22:005  0.90:00 117500 1.02:0m 106200 | 0225000 09420, 1224007 106:0m  1.02:00 | 0225005 0.95:0m 124008 1072000 0.95z008

Table 48: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps | t =50 t =100 t =150
Tas| Mujoco 1
f(@5er) 050000
Metric FS S o1 SO S0, FS SI o1 ) S0, FS SI o1 50 S0,
ARCOO 0.50000 0.98+000 0.98+000 0.98+000 0.98x000 0.50+000 0.98+000 0.98+000 0.98+000 0.98+000 0.49+000 0.98+001 0.98x001 0.98+001 0.98+001
BO 0.38004 0.68+009 0.73 4001 0.70+005 0.71 2003 0.37 4003 0.68+009 0.73 1001 0.70+00s 0.69 4006 0.35+00 0.68+000 0.732001 0.70+005 0.68+009
CBAS 0.00z000  -48.64x034 -48.64x034 -48.64+034 -48.64+034 | 0.00x000  -48.89+034 -48.89+034 -48.89034 -48.89034 0.00£000  -48.98+03 -48.98+034 -48.98=034 -48.98034
CCDDEA 0.75. 0.74 005 1.40+014 0.96+007 1.08x008 0.75+0m 0.78+006 1.48+016 1.01+008 0.92+007 0.75+011 0.79+007 1.50=018 1.03x010 0.79+007
CMAES 081004 091002 1.491004 113500 1.232002 - - - - - - - - - -
TTDDEA 0.27x0n -0.22:06¢ -0.22:064 022064 -0.22:06¢ 0.27x0m -0.28068 -0.28068 -0.280068 -0.28068 0.27+011 -0.30z071 -0.30z0m -0.3007 -0.30z071
Trimentoring | 0.70:004 0.90002 30007 106003 113004 0.70004 0.94:00 1.36+008 1.11z00: 1.05z002 0.70+005 0.95+002 1.382008 1131003 0.95+002
Task Mujoco 2
f(@ee) 0.1 5000
ARCOO 0.11x000 0.99:001 0.99+001 0.99+001 0.99:001 0.114000 0.99001 0.99:001 0.99+001 0.99+001 0.11+000 0.99+001 0.99001 0.99:001 0.99+001
BO 01000 080000 0.80:00s  080s0m  080s00 | -Ollsomr 07900 079200+  0790m 079200 | -0.090m 07900 0792006  079%0m  0.79:00
CBAS -194.215035  -194.21203s  -194.212035  -19421+035 | -1.862000 -195.232035  -195.23+035  -195.234035 -195.23:035 | -1.86:0m  -195.56+035 -195.56:035 -195.56+035 -195.56+035
CCDDEA 0.7200 1.324008 0.93 4004 1.04 005 0.384009 0.72:006 1.39+007 0.945006 0.85+006 0.38+000 0.74 4008 1442010 0.98+009 0.74 4008
CMAES 0.96=001 11400 1.04x002 10700 - - - - - - - - - -
TTDDEA -0.9805% 098055 -0.98058 -0.98x0ss | -1.860m  -1.07:000 -1.07+060 -1.07+060 1072060 | -1.862000  -1.102060 -1.102060 -1.10£060 -1.102060
Trimentoring | 0.21:003 0.93003 1.08+004 1.00<00 1032002 0.21 4003 0.942001 1124006 1.032002 1.00<00 0.21+00 0.95+002 1142006 103003 0.95+002
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Table 49: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

Steps | t =50 | t =100 | t =150
Task Mujoco 1
f(@5er) 059001
Metric FS SI o1 SO S0, FS SI o1 SO S0, FS SI o1 50 S0,
ARCOO 0.58x001 0.96:001 0.96:x001 0.96x001 0.96x001 0.58+001 0.96x001 0.96:001 0.96:x001 0.96x001 0.58+001 0.96+001 0.96x001 0.96:001 0.96+001
BO 0.38003 0.40+005 0.45 4003 0.42500 0.43 1002 0.37 4003 0.39+005 0.44 1008 0.41 003 0.40+004 0.38+002 0.384005 0.43 200 0.40+003 0.384005
CBAS 5779405 -57.79205 577905 -57.79:05 | 0.001000  -58.10s05  -58.10s05  -58.10s0s  -58.10s05 | 0.00z000  -58.20s0%  -58.20s0%  -58.20s05  -58.20:0%
CCDDEA 0.68+0.10 1.25z0m 0.88+013 0.97x015 0.70+006 1.29:000 0.91x008 0.83x008 0.70+000 0.71x010 1.31 0.92:010 0.71x010
CMAES 0.90+001 1.454006 L11som 121200 - - - - - - - - -
TTDDEA 4.7 zan1 4.7z “4.71xan “4.71zan 0.345012 4821452 -4.8214: 482450 0.34x012 -4.811a60 481460 4811460 -4.81+a60
Trimentoring 0.90004 1.221014 103005 109007 0.72:+008 1.28+017 1.07+006 1.02z004 0.72+008 0941002 1.08+007 0941002
Task Mujoco 2
flxbep) 0.23 001
0.97 1002 0.97 4002 0.97 002 0.97 2002 0.224001 0.97 002 0.97 1002 0.97 4002 0.97 002 0.224000 0.97 4002 0.97 1002 0.97 4002
0680 068200 0.68007 068200 | -0.08200  0.6720 067200 0.67:007  0.67:0m | -0.10s00  0.672008 0.67+008  0.67=008
-205.86+046  -205.86+04 -205.862046 -205.86+046 | -1.86+000 -206.94:046 -206.941046 -206.941046 -206.94:046 | -1.8610m -207.29+046 -207.29+046  -207.29+0.46
0.66:007 1.21z00 0.85010 0.94 1012 0.384011 0.68+007 1.25:011 0.884000 0.80+008 0.38:011 0.70+0.10 0911012 0.70+010
0960 10Is00 098+ 09900 - - - - B - - - =
-1.28+185 -1.284185 -1.28185 -1.28+185 -0.95+001 -1.332210 -1.331210 -1.331210 -1.332210 -0.95+091 -1.354218 3 18 -1.354218
Trimentoring 0.93 1002 0964003 0.95100 0.95+00 0.245003 0.94 002 0.99:002 0.961002 0.95+00 0.24 1004 0.945002 0.99 003 0.97 1002

Table 50: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
Details are the same as Table 5.

the optimal value.

Steps t =50 | t =100 | t =150
Task Mujoco 1
S(@orr) 040000
Metric FS SI o1 SO S0, FS SI ol SO 50, ES SI ol SO SO,
ARCOO 0.40000 0.99000 0.99+000 0.99+000 0.99000 0.40+000 0.99:000 0.99000 0.99+000 0.99000 0.40+000 0.99:+000 0.99000 0.99-000 0.99:+000
BO 0.38x003 0.89+001 0941001 0914001 0.92:001 0.37 4003 0.88001 0.94 001 0.91+001 0.90+001 0.36+00 0.87 4002 0.942000 0.90+001 0.87+002
CBAS 00000  -38.87+02 388702 388702 388702 | 0.0  -39.08:02  -39.08+0:  -39.082022  -39.08:02 | 0.00s000  -39.15:02  -39.15:0:  -39.05s02  -39.15:02
CCDDEA 0.71x020 0.74 00 1425012 0.97+006 109007 0.74+010 0.80004 1.53+013 1.05+000 0.95005 0.74+010 0.82:+005 1.57. 1.07+007 0.82:+005
CMAES 0.74 2007 0.93+002 1.49:000 115200 1.24 1004 - - - - - - - - - -
TTDDEA | 02100 05003 0.500m  050s0m  050z0m | 021s0m0 048:03 04820  0d48x0s | 0210 0.47:0% 047+03  0.47x0
Trimentoring | 0. 0.07 091003 1.29:008 106004 113005 0.63+007 1.341000 1.09+004 1.032004 0.62+007 0.93:+003 1102004 0.93+003
Task Mujoco 2
f@ber) -0.04 000
ARCOO -0.04 1000 0.99:000 0.99+000 0.99+000 0.99:000 -0.041000 0.99:000 0.99:000 0.99+000 0.99+000 -0.04+001 0.99+000 0.99:000 0.99-000 0.99+000
BO 0880 094s00 09l 092:0m | -0.09:0:m 0860 094soor  090:om  089s0m | -0.07s00s 08600 09400 0.90s00  0.86z0m
CBAS -179.29+03  -179.29+03  -179.29203¢  -179.29+034 | -1.86x000 -180.23203¢  -180.23+034  -180.23+034 -180.23z03¢ | -1.86x0m -180.54+034 -180.54z03¢ -180.54+03 -180.54=03
CCDDEA 0.80+005 1.524010 1.04 1006 117 007 0.264013 0.78+006 1494012 1.02+008 0.93+007 0.26:+013 0.77 4008 1484015 1.01+010 0.77 4008
CMAES 097001 122:00 108200 L12:00: - - - 5 E - - - s 5
TTDDEA 0.38+022 0445000 0.40x024 0.41x025 -0.38z036 0.38026 0.46+030 041030 0.40x028 -0.42+035 0.40+027 0.48x0.02 0.43+05 0.40+027
Trimentoring 0914005 118400 1024003 107003 0.20+006 0.93+004 1.24 5006 1.06+002 1024002 0.20+006 0.95+002 1.26:007 1.08+002 0.95+002

Table 51: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps | t =50 | t =100 | t =150
Task Mujoco 1
S(@5er) 0452000
Metric FS SI ol SO S0, FS ol SO S0, FS SI ol SO SO,
ARCOO 0.442000 0.99000 0.99+000 0.99+000 0.99000 0445000 0.99+000 0.99+000 0.99000 0.44 000 0.99:+000 0.99000 0.99+000 0.99+000
BO 0.37+003 0.82+00 0.86+001 0.83+005 0.84 1003 0.364002 0.86+001 0.83+005 0.82:+006 0.36+004 0.80+008 0.86+000 0.83+005 0.80+008
CBAS 00000 43125018 43022018 43.12:01 4312201 | 0.00z0m 43351018 43.35:01  -4335:01 | 0000w  -d43.42:01 43, 43421018 43.42:018
CCDDEA 0.65014 0.78005 145012 101006 1122007 0.65+0.14 1.45+017 1.01z012 +011 0.65+0.14 0.78+012 1.01x015 0.78+012
CMAES 0. 006 0.93+002 145500 1134002 1.22:00 - - - - - - - - -
TTDDEA | 027:00 03920 03901 039201 0392019 | 028200 0ddsors  Oddsors  Oddsors | 028000 045010 0455010 0452010
Trimentoring | 0.66=011 0.91+003 1.28+014 1.06+004 112000 0.66+0.10 1.34x016 1.10+00s 1.04=003 0.64+000 0.95+003 111005 0.95+003
Task Mujoco 2
flxoer) 0.03 001
ARCOO 0.02:2000 0.99:001 0.99:+001 0.99:+0010 0.99:001 0.02:+000 0.99:001 0.99:001 0.99:+001 0.99+001 0.02+000 0.99+001 001 0.99:001 0.99+001
BO 10200 0842000 087+ 085200  0.86s00¢ | 0.09:00 0822008  087:0  O8dwoos  0.84zo06 | 007200  0.82:000 w00 084soss  0.82:0m
CBAS -1.8 o -185.68+045 -185.68+045 -185.68+045 -185.68+045 | -1.86+000 -186.65:046 -186.65+046 -186.65+046 -186.65:046 | -1.86+000 -186.97+046 -186.972046 -186.97+046 -186.97+046
CCDDEA 0.19:025 0.75+005 1.35+008 0.97 1006 1072006 0.264014 0.74 2006 1.354008 0.95+007 0.87+0. 0.26+014 0.73 4008 1.34200 0.95+000 0.73 4008
CMAES | 022200 0.97:00 1160w 10500 1.09:00: - - - - - - - - - -
TTDDEA -0. 2 0.12:02¢ 0.12:+024 0.12x024 0.12:024 -0.29+013 0.09:026 0.09+026 0.09+026 0.09:026 -0.29+013 0.11+028 0.11028 0.11+028 0.11+028
Trimentoring | 0.19:006 0.92:002 114z00 1.022001 105003 0.20+007 0.93 003 117006 1.032004 1.002004 0.18+007 0941003 1182007 1.04 1005 0945003
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Table 52: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value. Details are the same as Table 5.

Steps | t =50 | t =100 | t =150
Task Mujoco 1
f@per) 0471000
Metric FS St o1 SO SO, FS SI o1 SO S0, FS SI SO SO,
ARCOO 0.47<000 099000 0.99-000 0.99:000 0.99£000 0.47<000 0.99<000 0.99000 0.99-000 0.99<000 047000 0.99000 0.99+000 0.99-000
BO 0382004 0.77 000 0.80001 0.78005 0.7900¢ 0.36:00 0.77 2000 0.80001 0.78x005 0.78x007 0.37x004 0.77x000 0.8 078005 0.77x000
CBAS 0.00:000  -45.624025  -45.624025  -45.624025  -45.62:1025 | 0.001000  -45.86102  -45.86402  -45.86:026 45861026 | 0.00r000  -45.94102  -45.94r026  -45.94402 45941026
CCDDEA 0.69<0.17 069008 133020 0.91+01 1.02£0.13 0.73z013 0.76<000 148021 1.01x0.12 09101 0.73x013 0.79<010 152023 1.040.14 0.79<0.10
CMAES 0.742008 091002 1.40z010 1.10+00 1.18005 - - - - - - - - - -
TTDDEA 0.28008 0.05+046 0.05+046 0.05:046 0.05:046 0.29-r000 0.10:042 0.10+042 0.102042 0.104042 0.29+007 0.12:4002 0.12:042 0.121042 0.12:4042
Trimentoring | 0.65=00s 091003 124011 1.04=00¢ 1.10£006 0.65=000 0.93200 1.300.14 1.0800s 1.02+003 0.650.10 0.94=00 1.3 s 109006 0.94=00
Task Mujoco 2
fleoep) 0.07+000
ARCOO 0.07<000 0.99:000 0.99000 0.99<000 0.99:000 0.07+000 0.99:000 0.99:000 0.99000 0.99+000 0.07-+000 0.99+001 0.99<001 0.99+00 0.99001
BO -0.09:z008 0.85+005 0.85005 085005 0.85005 -0.132004 085005 0851005 0.85.005 085005 -0.09:00s 0.85.005 085005 0851005 0.851005
CBAS -1.862000  -189.941032  -189.94x03  -189.94x0% -189.94x03: | -1.864000 -190.93203 -190.93x03  -190.93x0:  -190.93x03 | -1.86+0m -191.26x05 -191.26z05  -191.26403  -191.26+033
CCDDEA 0.731006 1.342014 0.95x007 1.05:000 0.335018 0.73x000 1.35:010 0.95+011 0.87010 0.33z018 0.75+0m 0.97+0.14 0.75+01
CMAES 0.97 001 11200 1.0410m 1.07 2001 - - - - - - - - -
TTDDEA 0.16+031 0.16=031 0.16<031 0.16£031 -0.29+017 0.11 01103 011038 01103 -0.31014 0.09<030 009039 0.09<039
Trimentoring 0.92003 114008 1.02:x00 1.06:004 0.25+0m 0.94:003 1.18x010 1.05:+00s 1012004 0.24:011 0.95+00 1.05:005 0.95+003

Table 53: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps t =50 t = 100 t =150
Task Mujoco 1
F(@oer) 0502000
Metric FS sI ol SO 50, FS S o1 SO 50, FS SI o1 SO S0,
ARCOO | 0.50:000  099:00  0.99:000  0.99:000  099:0m | 049:000  099:000  099:000  099:000 0990w | 0494000 0985000  098:0w  098s000  098s0m
BO 067:0m 0732000 0.69%005 07000 | 0361002  0.67:00  0.72t00  0.69%00 06800 | 0392000 067200  072:000  0.69%00  0.67z0m
CBAS 48.64s0n  48.64z03 48640 A8.64s0n | 0.00s0m  -48.80s0n  48.80i0s  -48.80s0n  -48.89:0u | 0.00i0m  -48.98:0u  -48.98i0u  -48.9840m  -48.98:0x
CCDDEA 070:006  135:01 092400 103:0n | 0.73s0m  0.7740 1480z 10Lioss  092ioms | 073i00s 07901 153s0m  104sews  0.79:0s
CMAES 0.92:001 140s0m  Lllsoon  119:0m - - - - - - - - = =
TTDDEA 036205 03603 036058 036205 | 0.32:00 023200 023404 023s0u | 0325000  -0.08s0  -0.180s  -0.08s0m 01804
Trimentoring | 0.64:000  090s00s L1901 1024008 107200 | 0.63:010 123:06  1.05i00  100ioss | 0.63i000  093s00  124sow  1.06i00s  093i0m
Task Mujoco 2
f(@5er) 0.11:000
ARCOO | O.l1z000 0992000  099:0m 0992000  099:000 | Ollzom 0992000  099:00  09920m  0.99:000 | Ollzom  0.99:000 w 09900  099:0m
BO 122005 0802005 0.80soss 0802005  0.80s00s | -0.10s000 080200  0.80:o0s 08000  0.80<006 | O.11z0cs  0.80:008 802005 0802005 0.80z005
CBAS | -1.86:000 -19421403s -19421s035 -194.21s03s -19420403s | -1.864000 -195.23s035 -19523403  -195.234035 -19523s035 | -1.86s000 -195.561035 19556503  -195.564035 -195.565035
CCDDEA | 0.18202  069:0 1240 089200 0980w | 0.29:0m  0.67:005  124sow  0.87s00s 0800w | 02920m 0672006 12400 0872005 068200
CMAES | 02400 0972001 110001 1.03001 1.052001 - - - = > - - - - B
TTDDEA | -020:01  0.0dso3  0.04rom  004som  0.04som | -025:0:s  0.03:03  003:03 003203  0.03s03 | -025m0s  0.03:0 0030 00340y 0.03s03
Trimentoring | 0202000 0.93s00s 106200+ 099:00  1.0ls00s | 0232000 0942006 108005 1.00s00s 098005 | 0.23:0m  0.94s00 109006  1O0ltoos  0.94z000

Table 54: Overall results for mujoco unconstrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Steps | t =50 | t =100 | t =150
Tas Mujoco 1
f(@orer 0.59:c001
Metric SI o1 SO 50, FS S ol ) 50, FS Sl ol SO S0,
ARCOO 0.97001 0.97+001 0.97+001 0.97x001 0.58+001 0.97+000 0.97000 0.97 000 0.97+000 0.58001 0.96:001 0.96x001 0.96001 0.96+001
BO 0.43 1004 0434004 0.43 5004 0.43 2004 0.364002 0.42:2005 0.43 1003 0425004 0.425004 0.36+002 0414004 0.43 2003 0.42100 0415004
CBAS 577908 5779205  -57.7940s  -57.79:0ss | 0.00s0m  -58.10s0s  -58.1010s  -58.10s0s  -58.10s0s | 0.00s0m  -58.20:0s  -58.20s0%  -58.20s0s  -58.20:08
CCDDEA 0.62+017 1.18+03 0.81+023 091025 0.76000 0.71x012 1.36+010 0934014 0.85+013 0.76+000 0.74+0m1 ” 0.97+013 0.74x0m
CMAES 0.79:005 0.92:002 1.391000 110200 119002 - - - - - - - - - -
TTDDEA 0.16008 -5.61+645 -5.61 1645 -5.61 4645 -5.61 645 0.27+010 -5.45+618 -5.45+618 -5.45+618 -5.45+618 0.22x010 508581 -5.08581 -5.084581 508581
Trimentoring | 0.71z010 0.88+005 1.18+018 1.00+000 1.05012 0.71+0m 1.22+02 1.03z013 0.98+011 0.71x011 0.90+008 5 1.04x014 0.91+008
Task Mujoco 1
F(@opr) 0.23 5001
ARCOO 0.97001 0.97+001 0.97+001 0.97001 0.2240010 0.97x001 0.97+001 0.97+001 0.97+001 0.22:001 0.97+002 0.97 002 0.97+002
BO 067:0n  0.67:0n  0.67:0n  067:00 | -010s0s  0.67:0n  0.67:0  0.67i2  067:0n | 0100  0.67:0n 06702 0.67:01
CBAS -205.86+046  -205.86+046 -205.862046 -205.861046 | -1.86x000 206941046 -206.941046 -206.941046 -206.94:046 | -1.8610m -207.29+046 -207.29+046  -207.29+0.6
CCDDEA 0.61+007 1104013 0.78+008 0.86008 0.27+013 0.58+007 1.08+0.14 0.76+008 0.69+008 0.27+013 0.58+00 1.06:017 0.75+011 0.58+00
CMAES | 025200 095200 100:00 098100  0.98:0: - - - - - - - - - -
TTDDEA 0.2 n -8.29x1a68 -8.29+ 14068 -8.29: 1468 -8.29+168 | -0.27x001 -8.41x1a0 -8.41x1a0 8411401 -8.41+10 -0.27+001 -8.51x1504 -8.51x1504 -85 14 -8.51x1504
Trimentoring | 0.25:011 0.90+007 0.98+010 0.93+009 0.95+00 0.26+00 0.90+007 0.99:0.10 0944008 0.93+008 0.25+000 0.91+007 1.002010 0.95+008 0.91+007
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Table 55: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the
optimal value. Details are the same as Table 5.

Steps t =50 t = 100 t =150
Task Mujoco 1
S(@5er) 037000
Metric SI ol SO S0, FS SI ol SO S0, ES sI ol 50 S0,
ARCOO . 098002 098400 098s002 098002 | O.05k00s 0770w 0774w 0772000 077200 | O.dsoos  0.63:0 063200 06302 0.63:0m
BO 014:0e  06dsoor  O.64soo  O064sonr  0.6ds00 | Oddsoss  064so0  0.6dsoo  O6dsonr  O.64s00 | 0161w O6dsonr  0.6ds00  O06dioo  0.6d100
CBAS 0002000  -3522400 352201 -35.22s0m  -35.22:01 | 0.00z0m lson  -3541s0n  -354lzen 35410 | 000som  -35.47:en  -3547:01  -3547:en  -35.47:0n
CCDDEA | 0752000  0.74s00s  L4lioss 097+ 10900 | 0785007  0.83s00  158:00 10900 0990w | 0781000  0.8650m 164201 L13200s  0.87200
CMAES | 034100  085:000  089:00s 087200  0.87:00 - - - - - - - - - -
TTDDEA | 0.19201  040z0is 042+ OAlzo  Odlsozo | 009201  04lzon  O0d3sozs 042202 042s02 | 022:0m 0430 044z 0430
Trimentoring | 0262006 0.79:001  0.80s005  0.80000  0.80s00 | 030:000 0. 084008 0.8340m 0832006 | 034000 084005 0851006 0.84z008
Task Mujoco 2
f(@6er) 0120w
ARCOO | -022:0m  098:00  098i00r 098400 09800 | -0.75:0s  0.69:012  0.69:02  0.694012 06902 | -0.94s02 037502 037502 037:02
BO 09 042:00  042i0m  042:01 0420 | -1.07+0s1 04000 040sorr 0402019 040:0m | 0.74s03  0.40:010 040:019  0.40:01
CBAS | 1862000 -173.04s037 -173.04s0  -173.042027 -173.04502 | -1.862000 -173.95:05 -173.954027 -173.954027 -173.95:027 | -1.8650m  -174.25:5027 5 174250027 -174.25502
CCDDEA | 006202  0.72:00s 127000 092:0m  10liow | 025i0m 077400 138ion 0984007 0900w | 025i0m  0.80se0r  Lddsons  1.03i00s  080:0mr
CMAES 0740w 075200 075k 0.75:0m - - - 5 5 - - S 5
TTDDEA 04602 052:0w  049%0s 0500 | -0.67s0s  0.52s0m  058s0x  0.55k03  O0Sksom | -0.66s0s 054w 06 058103 0.54z0:
Trimentoring 06800 0.80s0:  0.73%0m  075:00 | -0.04s0e 08000 095i01e  0.87s000  O084sowr | -0.05k010 084 099:0n  09lisss  084sem

Table 56: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps | t=50 t = 100 t =150
Task Mujoco 1
f(@per) 042000
Metric FS S o1 SO 0., FS SI o1 ) S0, FS St o1 SO SO,
ARCOO | 040:0m 09800 098:001  098s001 09800 | 0.5  0.82:00  0.82i006  082:006  0.82:000 | O.dsoos  0.64wo1s  064z015  0.64soris  0.64w0s
BO 014z 056:00  0.56s00 0560 0.56s00 | 0d5:oss  056:00 056200 056 0.56:00 | 015t 056200 05600 0.56:00
CBAS 000:0w 3887102  -3887:0:  -38.87i02 3887102 | 0001w  -39.08102  -39.08i0:  -39.08k02  -39.0802 | 000w  -39.15:02 3905502 3915502
CCDDEA | 0. 074008 14320n  0.98z0m 109200 | 0774015 0822000 15807 108son 098010 | 0772015 0.84z010 Lllzon  0.85:00
CMAES | 0.36:00  080s00:  0.82+00s  08lso0s 08100 - - - 5 2 - - - o =
TTDDEA | 018008 027:01¢ 02740 027s018  027s0m¢ | 02Liow  03liose  03lios  03liowe  03lsoss | 020ionw  033:01 033:0n 033101
Trimentoring | 0272006 0.65:01¢  065:01  0.65:01 065201 | 031000 0692006  0.69006  0.69+01 069016 | 0.34soss  0.72:01 07201 0.72:01
Task Mujoco 2
J(@her) 04200
ARCOO | 040:000 0982001 0980 098500 098:00 | 0.15:00 0.82:006  0.82:000  0.82+006 | O.ldsoms  0.64:01s 064015 0.64z015
BO 032:010  032i0n 032404 032:01e | -0.84s0n 030:01s  030s01s  0.30s015 | 086100 0291015 0295015 0.29:015
CBAS 17929:03  -179.29208 17929205  -179.29:03 | -1.865000 - « -18023z03  -180.23z03 -180.23x0% | -1.86z0m -180.5dx05 -180.542034  -180.54203
CCDDEA 07400 14310 0.9840m 10902 | 0.77015 1580 108kom  098:0w | 0772015  0.84s0m0 Lllsos  0.85:00
CMAES 080:00e  0.82:008  08lioos  081s0us - - - - - - - -
TTDDEA 027:00 027201 02720 027018 | 0212000 031s016 0310 0312016 | 02100 033z017 0330 03301
Trimentoring 055000 056:1s  0.5610m 0560 | -0.13:0m 06601 0.66:017  0.65:017 | 003205 0.67:018 0691019 0.67<01

Table 57: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps | t =50 t =100 t =150
Task Mujoco 1
f(@brr) 045000
Metric FS SI o1 SO 50, FS S o1 50 50, FS sl o1 50 S0,
ARCOO | 04d:0m 097200 0.975001 0.972001 097500 | 0204000 0742016 0745016 0742016 0742016 | 015400 0515025 0512025 0515025 0512025
BO 0.14200s 0442001 0442001 044001 044500 | 014400 044200 044002 0442002 044200 | 005400 0.44z001 0442001 044001 0442001
CBAS 0.00s0m 43122018 4312018 -43.02:018  -43.02:018 | 0.0040m0  -43.35:01  -43.35:00  -4335:0m  -4335:0i | 0.00s0m  -43.42:01  -43.42:01  -4342:0m  -43.42:01
CCDDEA | 0.71:000  0.69:00 13001 0.90:000 10000 | 073100 0.782005 147015 1.02:008 0.93:005 | 073400 0.81s006 152006 1.06:007 081006
CMAES | 0392008 0742003 0.76:000 0752008 0.76:005 - - - - - - - - - -
TIDDEA | 020:0w  -0.12:0 01240 -0.012:0:  -0.12:0: | 0234000 0.01z02 0014026 0.01202 0012026 | 021400 0.0520 0.052027 005027 0.052027
Trimentoring | 0302006 072008 0.72:005 0.72:005 0725005 | 035400 0.752005 077400 0.76:005 0755005 | 03740m  0.772005 0.79:000 078007 077005
Task Mujoco 2
S(@orr) 0.03z001
ARCOO 0.02:000 0.99+0m 0.99001 0.99x001 0.99:001 -0.60+023  0.71z018 0.71x018 0.71x018 0.71x018 -0.79030  0.38x025 0.38025 0.38x025 0.38:x025
BO 0.852016 0362016 0.362016 0362016 036:016 | -09340 036 0364017 0.36:017 036:017 | 086500 0.35:017 035 0354017 0352017
CBAS 186000 -185.68:045 -185.6850s5 -185.68:045 -185.68:045 | -1.861000 -186.65:046 -186.65:046 -186.651046 -186.65:046 | -1.86:000 -186.97:046 -186.97:045 -186.97:045 18697104
CCDDEA | 0.12:02 07200 133200 0.93:2005 104200 | 03dx01s  0.742006 140000 0.96:£005 0882005 | 03dx01s 0752008 1432 09800 076008
CMAES o 0.59:00 0.592007 0.592007 059007 - - - - - - - - - -
TIDDEA | -1.86:0m  -0.08s03  -0.08:03  -0.08s03  -0.08:03 | -186:0w 01003  -0.10t03  -0.10s036  -0.10:03 | -18610m  -0.09:03  -0.09:035  -0.09:035  -0.09:03s
Trimentoring | -0.13z012  0.54z0n 0.54011 0.54011 05420 | 014201 0.67=008 0.68£008 0.67£008 0.67200s | -0.122006 070008 0.72:2008 0.71008 0.70£008

Table 58: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps | t =50 t = 100 t =150
Task Mujoco 1
S(@orr) 05200
Metric FS s ol SO S0, FS SI o1 SO S0, FS SI 50 S0,
ARCOO | 049:000  096:001  096:00  096:00r  096:00 | 02100 0622017 0.6207  0.624017  062:017 | 006500 0.28502 ; 02810 0.28:0:
BO 013200  027:00  027s0 0270w  027:00 | Od5:iom  026:00 0261000 026001 0261000 | 016w 02600 026:00 02600 026100
CBAS 000:0  -48.64x03  48.64s0n  48.64s0n  48.64s0n | 0.0  -48.89:03  -48.89:0n  48.89:0n  -48.89:0n | 0.00s0c0 4898203  -48.98:0m  -48.9810m  -48.98:0m
CCDDEA | 0.75:0nm  0.72:00s  13240n  093sos 1030w | 0.75i0m 07900 1430 LOLioos  093sem | 075iem  O8lioss  147:0m  104sen  O08l:om
CMAES | 0.42:008  0.6lso 0620w  06ls00  0.62:000 - - - - - - - - -
TTDDEA | 0.19:0m  -077s07  -0.77207 077205  -0.7707 | 0.27<0m 058:0m  0.5810m  -058:0m | 027s0n  -0.52:0m 0.52:0m  -0.52:0m
Trimentoring | 032:007  0.57s0m 0572000 0570w 0572010 | 0.36z00 0.62:008  0.62:0m  0.62:008 | 037000 065008 0651008 0.65:00
Task Mujoco 2
f(@6er) 0.11 00
ARCOO | 0.10:000 0972001 097+ 097200  097:001 | 05320 0680 0.68:01  0.68:0n | 0.6710x 02102 021s02s  02l:02
BO 007:021 007202 007202 007021 | -0.99:052 00502 0.05:02 005t | -0.78s0s  0.0d0x 0.04£021  0.042021
CBAS 194215035 -194.21405s 194215055 -194.21x035 | -1.86000 195234035 -195.23403s  -195.232055 | -1.8650m  -195.56:035 -195.564035  -195.56z03s
CCDDEA 070006 124200 090so  099:00s | 0385000  0.69:006  135:0m 092400 083s00 | 0381000  0.73:00s  Ldlsow  096x00  0.73z0m
CMAES 04001 040s0n  040om  0.40:01 - - - - - - - - - -
TTDDEA . L1320 -L13oa  -L13s0e  -L1320e | -1.86:0m L1420 -Lldsoe  -Lldsos  -Ll4zoa | -1.86:0m  -L1Ssoe  -LISze  -LlSszee  -115:0e
Trimentoring | -0.15:000  042:0m 042100 042:0m  042ion | -0.03:000 0500 050i0m  0.50k00  050s0m | -0.05i0m 05300  053:0m  0.53i00  053:0m
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Table 59: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

Steps t =50 t =100 t =150
Task Mujoco 1
S(@5er) 059001
Metric FS SI ol SO S0, FS sI o1 SO 50, ES SI SO SO,
ARCOO 0.56+005 0.92:002 0.92:+002 0.92+002 0.92:002 0.20+006 0.63 008 0.63+008 0.63+008 0.63+008 0.18+002 0.27+010 0.27+010 0.27+010
BO 0.15004 -0.12100¢ -0.121004 -0.125004 -0.12:00¢ 0.14 5005 -0.14 2004 -0.14 100 -0.14 1004 -0.14 5004 0.16+00¢ -0.14 100 -0.14100¢ -0.14 100
CBAS 00000  -57.79:0s 5779208  -57.790s  -57.79:0s | 000000  -58.10s0s  -58.10s0s  -58.10s0s  -58.10s0s | 0.00:0m  -58.20:05 5820205  -58.20z05
CCDDEA 0.71x007 0.62:010 1154022 0.80+013 0.89:015 0.70+006 0.67 008 1.242010 0.87+008 0.80008 0.70+006 0.69+0.10 0.90+0.10 0.69+0.10
CMAES 432011 0.33:013 0.33 4013 0.334013 0.33:013 - - - - - - - - -
TTDDEA 6642150 -6.64ein 664z 6645 | 0.34z0n 5.950m  595mm  5.95:m | 03dz0n  -5.62:m 5620 5.6224m
Trimentoring 0.24:013 0245013 0.24013 0.24:013 0.34x008 0.26:013 0.26+013 0.26:013 0.32+000 0.28+015 0.28+015 0.28+015
Task Mujoco 2
fl@ber) 0.235001
ARCOO 0.21x001 0.9300¢ 0934004 0.93 4004 0.9300¢ -0.321000 0.60:0.15 0.60+0.15 0.60+0.15 0.60015 -0.76+027 -0.20+048 -0.20:048 -0.20+048 -0.20+048
BO 062:05  0.06:02  -006x02 006203  -0.06:02 | 09005 010202  -0.10s02 010038 0102026 | 07602  0.10z0n  -0.10z028  -0.10z02 102026
CBAS -1.86:000 -205.86+046 -205.86+04 -205.86:046 -205.861046 | -1.86+000 -206.94:046 -206.94104 -206.941046 -206.94:046 | -1.86:10m -207.29:046 -207.29:046 -207.29+046 -207.29+046
CCDDEA 0.60+011 L1l 0.78+014 0.86+016 0.38+011 0.65+009 1.20201¢ 0.844010 0.77+0.10 0.38+011 0.69+011 1.26:016 0.89+013 0.69+011
CMAES 01400 Odsoxn  Oldso  O.14zom - - - 5 s - - - 5
TTDDEA K 212517 212417 2.12:13 212517 -1.10z088 -1.93z190 -1.93+190 -1.931190 -1.93x190 -1.24z0m -1.88x104 -1.88104 -1.88+104 -1.88x104
Trimentoring | -0.19:00¢ 0.10:0.12 0.104012 0.10+012 0.10:012 -0.124007 0.180.10 0.180.10 0.18+010 0.180.10 -0.131000 0.214012 0.21x012 0.21+012 0214012

Table 60: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
the optimal value. Details are the same as Table 5.

Steps | t=50 t = 100 t =150
Task Mujoco 1
f(@per) 042000
Metric ES S o1 SO 0., FS SI o1 ) 0., FS St o1 SO SO,
ARCOO | 032:0n 098200  098:00 098200  098:00 | 0162005 078200 07806 0782000  0.78z006 | O.3z0ms  0.652000 06500  0.6500m  0.65:0m
BO 0130 056:00  0.56s00 0560 0.56s00 | 015t 056:00 056200 056 0.56:00 | 0.5t 056200 056200 0.56z00
CBAS 000:0w  -3887:02  -3887:0:  -38.87i02 3887102 | 0001w  -39.08102  -39.08i0:  -39.08k02  -39.080z | 000w  -39.15:02 3905502 3915502
CCDDEA | 0712020 0722005 134s01e  093s0mr  1.04z00s | 0.74z00  080200e 14901 1O4soos 095005 | 0.74sonw  0.83z008 10720 0.83:005
CMAES | 029200 0762006 07750 077200 0772000 - - - - - - - - -
TTDDEA | 020:01  030s03 03003 030s0%  0.30s03 | 02liow  036:0w  0.3610 03605 036103 | 0174008 038s0m 038:0m 0380w
Trimentoring | 0.302006 07200 074som 07320 073zom | 0.32:0n 07720 0800 0.78s0m0 0780w | 0342000  0.80z008 08l:o 08000
Task Mujoco 2
J(@her) -0.04:000
ARCOO | -0.09:011 0982000  098:0or 098200 0.98:001 | 056012 0. 071e017  07lion 071z | -0.71s04 045202 045102 045:0m
BO 092:0%  025:01s  025ie1s  025t0s  025:0s | -078:0m 02601 026101 026i01 0261014 | 0940 027:0m 027501 027101
CBAS | 1862000 -179.29:03 -179.2940%  -179.29203 -179.29z03 | -1.862000 -180.23205 -180.23x03¢ -180.23z03 -180.2320% | -1.8620m0  -180.5d05 -180.542034  -180.54203
CCDDEA | 0.260 075:00s  143s0n1 0984006 Ll0sow | 026501 076500  145:02 09900 090:0mr | 0265015  0.76x00s 0991010 0.76z00
CMAES | -026:00  0.642000  064soos 064100  0.64s006 - - - - - - - - -
TTDDEA | -0.7 0270 031203 028029 029200 | -0.84x0m 010202 009202 00902 | 047203 0.01z0m 0010m 00102
Trimentoring | -0 0581015 0.58:0is  0.58s015 058015 | -0.165007 0661010 0.66i01  0.66:01 | -0.17:01 0710 07l 0.71s01

Table 61: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps | t =50 t =100 t =150
Task Mujoco 1
f(@brr) 045000
Metric FS SI o1 SO 50, FS s o1 50 50, FS R o1 50 S0,
ARCOO | 038:00 097200 0.97:002 0.97:00 097500 | 0164006 0.66:000 0.66:00 0.66:000 0.66:00 | 0144005 0.52:010 0.52:010 052:00  0.52:010
BO 014200 0.dds002 0442002 0442002 044200 | 016400 044200 044001 044001 044200 | 015500 0.44z001 0442001 044001 0442001
CBAS 0.00s0m 4312018 4312018 -43.02:018  -43.02:018 | 0.0040m0  -43.35:01  -43.35:00  -4335:0m  -4335:0 | 0.00s0m  -43.42:01  -43.42:01  -4342:0m  -43.42:01
CCDDEA | 0.65:0is 07300 1335012 0.942007 1045008 | 065501 076500 13901 0.98:012 0.90:012 | 0654005 0.77:013 1415021 1.00:015 0.772013
CMAES | 031z00  0.672007 0.67007 0.672007 0672007 - - - - - - - - - -
TIDDEA | 023:008  0.19:02 0.19202 0192027 0.19:027 | 0281006 029 02902 0.29:02 0292021 | 024400 0.34z0m 034202 03402 034202
Trimentoring | 0282012 0.65:005 06600 0662006 066500 | 031011 0.69:00 0.69:012 0.69:012 0.69:02 | 0314011 0.70:01 0712015 0715015 0.70:014
Task Mujoco 2
S(@orr) 0.03z001
ARCOO 0.02:000 0.99+0m 0.99001 0.99x001 0.99:001 -0.77x027 0.60+022 0.60-022 0.60022 <0990z 0.10x047 0.10047 0.10z047 0.10047
BO 099200 0112021 0112021 0112021 0115021 | -0.954055 2 0.11402 0112022 0.011z022 | 0984052 0.11202 011202 0.11402 0112022
CBAS 186000 -185.685045 -185.6850s5 -185.68:045 -185.68:045 | -1.861000 -186.65:046 -186.65:046 -186.651046 -186.65:046 | -1.86:000 -186.97:046 -186.97:045 -186.974045 18697104
CCDDEA 073005 1.26:000 0.92006 101200 | 0262018 0.722006 130000 0.932007 0852007 | 0262018 0.72z007 131200 093200 0.732007
CMAES 051400 051201 051201 051400 - - - - - - - - - -
TIDDEA | -040:0i  -047s0 0470 047s02s  047:03 | -04lsos 029202 -0.29:02 029402 -029:0m | -034s03 0210w 0210 020w  -02lsoxm
Trimentoring | -021z0m  032:00 0320 0.32:020 032:0m | -0.12:00  0.54z02 0552013 0.542012 0542012 | -0.11s011 0.642010 0.64011 0.64z010  0.64x010

Table 62: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value.

Details are the same as Table 5.

Steps | t =50 t = 100 t =150
Task Mujoco 1
S(@orr) 047000
Metric FS Sl o1 SO S0, FS o1 ) S0, FS SI o1 50 S0,
ARCOO | 035:01  093i0m 0931000 093:0m 0932000 | 017200 0.64:01  0.64s016  0.64s0i6 | 00700 0492010  049:01 04901 0490
BO 015:0m  037:00  037:  037sm  037:00 | 015:m 03700 037:0m  0.37s00 | Oldsons 036200 036001 036k00r  0.36:00
CBAS 45.624005 45622025 -45.624035  -45.624025 | 0.00:000 4586502 4586202  -45.86:036 | 0.00:0m  -45.94s03  -45.94s02 459403  -45.94:0%
CCDDEA 064008 12400 085:m  095:0: | 0.73:0m L4302 0984012 089s0n | 0732013  0.78:010 14903  1.0240m  0.78:0m0
CMAES 05600 056:00 .56 056200 - - - - - - - - - -
TTDDEA 03305 033208  -033:0s  033z0s | 0.23:0m0 7 0l4son  0ddsosm  Oddson | 024s000  -0.08s0u  -0.08:0s  -0.08:0u  -0.080u
Trimentoring 06ls00  06lior  06ls0r  06ls00 | 03850  0.68:000  0.69400 0682000  0.68:00 | 0382000 07240  0J32000  073s00s  0.72:0m
Task Mujoco 2
f(@6er) 0.07:00
ARCOO | 00ls0i 097200 097+ 097s00  097:oo | 077205  042:02  O0d2eon  042:0m  04240m | 08200 O.llsoss  -Odlsose  Ollsoss  -0.dlsoss
BO 92:0m  02240m  022:02  0.22:0m  022:0m | 0952002 020 020s0 0200z 020s027 | -093s0m 0094027 01901 0090  0.19:02
CBAS 862000 -189.940%  -189.94s0: -189.9420m  -189.94x03 | -1.861000 -190.93:03 -190.93s0m -19093203 -190.93:0% | -1.86000 19126505 - 19126103 -191.26z03
CCDDEA | 008202  0.70:000  125:on  0.89s0  099:0 | 0.33s01  0.72:000  130:0n  093s0n  085:on | 0.33s018  0.74som 096501 075201
CMAES o 047s0m 0470 0472000 047:00 - - - - - - - - - -
TTDDEA 302017 0470w 0A4Ts00 047209 047:0m | -03320 028200  -028k0s 028404 02820s | -03lsors 022400 02200 022e0as  -022:0i
Trimentoring | -0.21:01  0.52:006 0521000 0.52400  052:00 | -0.09:01  0.65:00 0650 0.65i00 0650w | -0.07s01 070 07liow  O.7lioss  0.70:0m
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Table 63: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps | | t =100 | t =150
Task Mujoco 1
f(@6rr) 05500
Metric S o1 ) S0, FS sI ol SO 0., FS sI S0 50,
ARCOO 0.94x007 0.94+007 0.94x007 0.94x007 0.15+003 0.59008 0.59+008 0.59008 0.59008 0.15+005 0.41x006 0.41 000 0.41x006
BO 0.26:002 0.26+002 0.26+002 0.26:002 0.14+003 0.26:002 0.26:+002 0.26+002 0.26+002 0.15+003 0.26+002 2 0.26+002 0.26+002
CBAS 00:000 4864503 48640 A8.64ron  48.64s03 | 0.00:0m  -48.8010u  -48.89i0%  48.89s0n  48.89:0w | 000000  48.98i0n  4898rons  4898iom  48.98:0
CCDDEA 0.73z014 0.65008 1.22+020 0.85x011 0.95z013 0.73x014 0.76x0.10 1.42+005 099014 0.90=012 0.73x014 0.79+011 1.48028 1.03x016 0.79+011
CMAES 0.32:x004 0.54 006 0.54+006 0.54+006 0.54 006 - - - - - - - - - -
TIDDEA | 023:008  -085:0¢  -085i0e  -0.85i06  085:06 | 0240  -06lz0s  -06lsos  06liost 06105 | 029500 05200 05200 052008 -052i00
Trimentoring | 0.32z006 0.52x011 0.52+0m1 0.52x0m 0.52z011 0.35+006 0.57x000 0.57+000 0.57+000 0.57x000 0.38006 0.62+007 0.62x007 0.62:007 0.62x007
Task Mujoco 2
F(@orr) 0.115000
ARCOO 0.09:003 0.98:001 098001 0.98+001 0.98:001 -0.57+021 0.680.14 0.68+0.14 0.68+014 0.68+0.14 -0.66+0.15 0345017 0.34:017 0.341017 0345017
BO 0.08+026 0.08+026 0.08026 0.08:026 -1.14z0s 0.07026 0.07+026 0.07£026 0.07£026 -0.86+044 0.07+026 0.07026 0.07+025 0.07£026
CBAS -194.215035  -194.214035  -194.212035 -194.21%035 | -1.86+000 -195.232035 -195.23+035 -195.23x035 -195.23:035 | -1.86+0m -195.56+035  -195, 5 =195.56+035  -195.56+035
CCDDEA 0.65+007 1164013 0.83+009 0.92:010 0.29+0m 0.65005 1.20z007 0.84+005 0.77+005 0.29+011 0.66+006 1.212007 0.85+006 0.66+006
CMAES 0.40:0.12 0.40012 0.40012 0.40:0.12 - - - - - - - - - -
TTDDEA 073205 0T3k0s 07305 -073z0s | 033w 05lws  -05ltos  -05lioss 051w | -0.39:0m 04320 043:0m 043w 0430w
Trimentoring 0.42:018 0431019 0.43+018 0.43+018 -0.15+020 0.56016 0.58+018 0.57+017 0.57+017 -0.10+021 0.61+018 0.63+021 0.62+019 0.61+018

Table 64: Overall results for mujoco unconstrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Sieps | t =50 | t = 100 | t =150
Task Mujoco 1
J(@orr) 059001
Metric ES SI ol SO S0, FS o1 SO S0, FS 50 S0,
ARCOO | 0432012 090s00i  090:000  090:0m  090z00¢ | 0.23z000 047000 04740 0472000 | 0.19:000 0231000 0.23:00
BO 015:00 003200 -0.13s00 01300 -0.13s00¢ | 0.15:0m 01300 013200 132000 | 015500 Oldson 014200
CBAS 0002000 -57.79405  -57.79:05  -57.7940s  -57.79:0s | 0.00z0m 581005 -58.10205  -58.10z0s | 0.00z000 582005  -58.20:0%
CCDDEA | 074201 05402 098i0s  0.69%02 07703 | 0.76500 126502 090:014  0.82:0: | 076006 13550 097wom  0.76:00
CMAES 03l 03lsoos  03lsoos  03l:0m - - - - - - - - -
TTDDEA 6502700 -650s70 65070 -650s700 | 0.20<0m 625k65  -625kew  -625:em | Oddsoos 59840 -598sc5  -5.98kem  -5.9865
Trimentoring | 0.382011 0302 030:0: 03002 03001 | 0.4liow 04lios  0dlion  040:017 | 046iow  047i01  0d48:00  048io;r  047:016
Task Mujoco 2
f(@6er) 023001
ARCOO | 021s00  094x000  094som  094s00  094soms | 0492015 028203 028+ 028203 028403 | 097:0s  0.5610m  -0.56:0m  056k0s  -0.56x0m
BO 0892010 -0.02:0%  0.0240%  -0.02:0%  -0.02:03 | -071s02  0.0d4x03  -004oss  -0.04s0ss  -0.04x05 | -0.69:01  -0.06:03 0065035 -0.06:03
CBAS | -1.86:000 -205.86:046 -205.86:046 -205.862045 -205.86x04 | -1.86:000 -206.94:06 -206.94100 -20694s046 -206.94<04 | -1.860m 207290 207.294045  -207.29:046
CCDDEA | 017202  057:on 0980w 0.72s0m  079:016 | 02740m  0.57s00  1.02:006  0.73k0m0  067s0w | 027:013  0.57:0m 07302 0.57:0n
CMAES 020:015  020s01s 020015 0.20:015 - - - - - - - - - -
TTDDEA 10974z 1097212 -1097xiwe  -10.97+152 | 0342000 -10.01si0s  -10.0114170s  -10012imos  -10.0105170s | 0284001 99241007 -9.924169 9921 -9.9216
Trimentoring 017:03 07003 017403 01703 | -024wo2  027s03  027s0x 027403  027:0n | -Oddsor 032403  032:0% 032403  032:03

Table 65: Overall results for CEC constrained tasks with 128 solutions and 100th percentile eval-
uations. In this case, 0% of the values are missing near the worst value and another 50% near the
optimal value. Details are the same as Table 5.

Steps | t =50 | t | t =150
Task CEC 1
f(@ber) 2.08ed 107
Metric FS sI o1 50 S0, ES sI o1 50 SO, sI o1 S0 S0,
CARCOO - - - - - - - - - - - - - -
DEPF | -2.08¢4sim  1.00:000 1002000 1002000 100500 | 2.08ed5 1002000 1005000 1004000 100s0m | 208edsior  100s0m 1005000 1004000 100400
DESPF | 2.08¢dssr 1002000 1002000 1002000 100200 | 208edssor 100200 1002000 1002000 100s0m | 208edssor  100s0m 1002000 100200 100200
PRIME - - - - - - - - - - - - - - -
Task CEC2
f@der) -L14z00
CARCOO som  -6642:ms  6931enn  6738kms  -6787emo | -205:m  -6720sm  T0.55:wm | 6832eme  -67.88rux 6746550 7095500 -68.62emu 674753
DEPF som  98lem  -10.020am  988sar  992am | 125w 95lsw  97lms  95Tme  955mw S1196s00 12158 120246 -1196571
DESPF som -176lkem  -176lsem <176l -IT6lsen | -15Teom  28.15swnm  -28.05:em | 281Skwm  28.15:wn SBliSsmas 3L1Semas 3LISimas -3LISiaxs
PRIME | 204som  -350c0s  699:im  466s0m  -525:07 | 204sm  60lam  -120209  BOlsies  723s0m 68308 13670 Olleus  -686s0m
Task
S(@oer)
CARCOO | -323:0r  -1d8:am  295uss 1974w 347w 266520 355mm  -320mm 408z 30745
DEPF 009:0m  018sm 0120 Sdliow 06l 074513 106215 0805119
DESPF 038s0s 0T6mn  0.50:us B3 06din By 07751 106512 -0.80s005
PRIME | -340s0s 1360w 270w -18lsoe 42000m  -154son 205000 185t | 420500 23320m  -175s0
Task CEC4
f(@ber) 264432030
CARCOO | -379.59:1m -Lldedsiosss -Lldedrisss -Lldedeiss -Lldedswsss | 379591 -LlSedsiess -11Sedsisi -L1Sedsisoss -I1Sedsmess | 379.59cim  -L1Sedrioss -L1Sedsiess -115edzioems -1.1Sedsioss
DEPF | -299.92:na  -21dedsssn 21dedssun  214e3sswn  -2.14edisun | 31388:nm  -3.09e3smss  -3.093imswy  -3.093smss -3.09¢3smsw | 3230340 -3.76e3ssmes  -3.76¢3ssin woo <3763 s1m00
DESPF | -305.65:nm  -2.11€3 21ledsmn  211e3smm  21ledsmn | -3069720m  -286e3smon  -286e3mon  -2.86e3imom 2. 319220025 -3.50€320100 0 3.50e34110 -3.50€3 41100
PRIME | 379.59:im  -lldedsiss -lldedswss llMedewss -Iledewsss | -379.50sim  -Lidedsnso  -Lidedsnsn  -Lidedsnsn 379.59:07 -1 1dedsaman “Lldedsmar -11dedsama
Task CECS
f(@her) 107150
CARCOO | 58620  -191som  -38leay 254w 287a0m | 5862w  205:m 431y 287am  259:0m | -58.62:0 298k0m  224s0m
DEPF | 161622 051000 1032008 0.69:005 0772000 | 2279450 016200 021202 01920n | 2451s0 00400 003200
DESPF | -4050:mss  -069s0s 1385 -092e0m  -LO4sia | 5076:sm  -187:u0 73123 2490m  2250m | -5350:un 30727 23Laa
PRIME | 586200  210s:  -42lsw  28lsow  -306:03 | 586203 240m0:  -480ss  -320s0m 289:0m | -58.62:3 333100 251028
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Table 66: Overall results for CEC constrained tasks with 128 solutions and 100th percentile eval-
uations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps | t t =100 t =150
Task CEC 1
f(@ber) 2.08ed 2107
Metric FS sI o1 50 S0, ES sI o1 S0 SO, ESs sI o1 SO S0,
CARCOO - - - = = - - - B - - . - - .
DEPF | -2.08¢4+0im  1.00:000 1002000 1002000 100500 | 208edsmion  1.0020m 100500 1.0050m 1.00s0m | -208edsiir 1005000 1.0050m 1.0050m 1.00s0m
DESPF | 2.08edssor 1002000 1002000 1002000 100200 | 208edssior 100200 1002000 1002000 100s0m | 208edssor  100s0m 1002000 100200 1.0020m
PRIME - - - - - - - - - - - - - - -
Task CEC2
F@her) -1.0820m
I8lsom  7336swm  T424sus  T3T3kwes  T388rma | -I8lsow  7263swi  T307ivas  T28lewm  1275imw 7358sm  7435cm 1390w
A26sm  -1773se 7Bze 11Bne 1773ze | -145:a 235line 235lsie 235line 235liue 2784z 278450 278421,
13902 24Misn 2444 244ds Misa | o156k 30020mm -30.026mm  30.02:1m  -30.024im 350650 -35.06im0  -35.06:20 !
204s0m  B99sion  89.69sim  -89.69+i0 204z0m 9250510 92500 925051 925041 - n 9343:0m  93d3som  9343s0m
CEC3
212400
420s0m 878k <1756+ 1171w 42020m 903 180520 1203w -1086:i0 9102 1821 120dam 913
Liox  -302us 603t -402sm 35600 427sie  BS55am <570, 5. 1420 48751m 974136 649120 488110
Msom 3209:0s 35290 2025210 370s0m  3883:em  4396sme  A0.59ssss 3991w AlLl8sass  A707:wss  A309:em  4120:zam
33450m 509510 100852 -679:10 400s0s 613009 -1226010s  BATem  1380m 420c0m  688s0m  -13760m  91Tain 6.905080
Task CEC4
S(@ber) 264432030
CARCOO | -379.59:1m -Lldedsisss -Lldedsisss -Lldedsiss -1ldedewsss | 379591 -L1Sedsiess -11Sedsisi -L1Sedsisoss -I1Sedsmess | -379.59sim -L1Sedrioss -L1Sedsmess -11Sedzioems -L.1Sedsioss
DEPF -1.58e3soor -1.59¢3amins  -15Be3uwesr  -1.58ediwmss | 32030ums  27dediima  276e3sima  274ediem  -27dediica | 3273450 331e3sima -3.30e341
DESPFE 1703sm0n -171e3semm 17063k -17ledmons | 31878smm  -296e3sim  -297edsine  -296€3512e 3257641905 37530100 -3T4e3hiea -3.73e3si000
PRIME L12edsanss  -L12edsunss  -L12edrsnss  -112edsunss | -366285us  -1.07edsing  -1.07edzine  -10Tedzina 379.59:15  -1.06edicn -106edzina  -1.06edsioa  -1.06edsing
Task CECS
f(@ber) 8615016
CARCOO | -58.62:1%  -3.02:0 603:00  402:m  453:m | -58.62enw  328mam  6.56:0a 58,6253 67300 44950m 3380w
DEPF | -1594sa  038:0m0 0.75203 050025 057:0n | 20330 0l3san 0260w 017:0x 21895 07406 049:0m 0.3710n
DESPF | -3220imes  -066s0m  -1.324 08820 -1.00:0s | 4L70sism 192605 -38dwin 256512 A794sm 246105 49320 3280w 24T
PRIME | -5862:30  -376i  753som  502s0s  -565:m | -58.62eaw 4035 B07som 5380 485200 | 586203 A12enn -8.2520 5,500 414103

Table 67: Overall results for CEC constrained tasks with 128 solutions and 100th percentile eval-
uations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps t=50 t =100 t =150
Task

S (@oer) -2.08e4si2407
Metric FS st or 50 S0, FS st or S0 S0, FS st or S0 S0,

CARCOO - - - - - - - - - - - - - - -
DEPF | 208edssor 1002000 100200 1002000 1.00s0m | 208edssen 1002000 100200 100200 1.00s0m | -2.08edss0 1002000 1.00z0m 1.00z0m 1.0020m
DESPF | -2.08edss 1002000 1002000 100500 100s0m | -208edssin  1.00z000 100500 1.00z0m 1.00s0m | -208edsii  1.00z000 1.00z0m 1.00z0m 1.00z0m
PRIME - - - s 5 - - - 5 - B . . - ,

Task CEC2

fl@dpp) 1.08000

CARCOO | -193:0n  -83.25imn  -8325:mm  -8325:we  -8325:mm | -193:x  8370sis  -83.70:wis  -83.70smss 8385 8385:mn  -8385imm  -83.85:wm
DEPF A2s0m AT03es 1730w -17B3aw 7035w | -127wm -175lan 1751520 -20.79+ 2079470 2079473 207947
DESPF | 129005  20.061s08 2006140 -20.165608 400z 252011 2520s0m  252010m 270740s 27074ns  2007ens  27.07:ns
PRIME | -204:0m  910ls2w  910Is20  9101sawm 20420m 931616 9316210 93162161 93.86:1m  9386sim  9386mim 9386112

Task
f(@ber)

CARCOO | -420:0w  -18270eiew  -19524sm  -I88.68is7s  -190.824100 | 42000  -19396:we  207.0325s 20019475 -198.10s761 | 420s0m  -197.665 21091250 20397450  -197.741707
DEPF 332:0m  -8807Tiwn 8884w B8.12emum  -B8.0dewu | -345mem  -11464men -11563swn  -11500swer  -11495kmw | 357w -12470swe  -12600nse  -12531kmss  -124.71swa
DESPF 30603 6479sum  6479:um  -6479:am  6479sum | 3ddsom  -10089:s0 10089150 -10089assm 100890 | 36900 -119.62ss0m  -119.624s0m  -119.62550m
PRIME | 331s0m  -19606s2s51  -196.06sm5  -196.06s51  -1960650ss1 | 40400 -188.54smm  -18854smn  -18854imn  -188.54smm | 394100 -194.62:un  -194.62:um  -194625u0

Task CEC4
f(@per) 26443200

CARCOO | -379.59sim -11dedsisss -1ldedssy -LMedems -11dedeisss | -379.590im  -11Sedsiass -115edsimss -L1Sedsisoss -IISedsmoss | 3795051 -L1Sedsmoms -11Sedsimm -115edzimm  -1.15edzmom
DEPF | -300.43:15:  -1.76e3semss  -1.76e3s0mon -1 76¢3smo0s 1. 7663wz 27730 278e3ina 27Tedsis 277edsusa | 3361410 362631100 62e3s1m  -3.62e3510
DESPF -1.20e3:01 “121e3smets -1.21e3son0s | -3 un 215e3cima 21863 L 1563516 | 340005200 2760352150 T8ediria 2766312150
PRIME 9.14e3s3se0 91dedsasa 9.14e3iasws | -356.86swn  835e3ranc  B3Bedins  -BI6edrama  -836e3isim | 379.591m  -B19edsiwa 820e3300 819343002

Task CECS
(@brr) -6.75200

CARCOO 492200 6565041 739204 | 58624 -5.20:0m 62620 1058206 T.06s0n 531202
DEPF Baam 009200 0.1210 0.13101 0356 09920 | -30.8 31011 207075
DESPF | -24.30:mw  -12.66:w1 16882021 19025052 3lsim Sieito 5351 32195702 | 4260100 6512215 434l 326762
PRIME | -3862t15  -585:00 780s05  8.79:0 6.06:06 121240 12950m | 5862 613200 -12.26110  -B.17s00 615508

Table 68: Overall results for CEC constrained tasks with 128 solutions and 100th percentile eval-
uations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps €= 50 t =100 €= 150
Tas CEC |
S(@hee) 2.08eds2107
Metric S sI o1 S0 S0, FS st o1 SO S0, FS St or S0 S0,
208edsei0 1000 1002000 1.0050m 1000 | 208edsisr  1.00s0m 1.00:000 10000 10000 | 208edscir  1.00z0m 10000 1005000 1.00s0m
208edsamo  1.00s0m 1002000 1002000 100s0m | -2.08edwiisn 1002000 10000 1.0020m 10020m | 208edsio  1.00s0m 1.0 1002000 1.00:0m
CEC2
1080w
2040m  9325:m 9325w  9325mw  -9325:0m | 204z 942Ts0m  9427wm | 204t 9460:0e  9460iw  9460me 9460500
125500 -2027sam  2027smm  2027sam  2027sam | -136s0m - x 2134sm  2U34em | 13602 2328n 2inm | -2328eam  -2328rum
139502 26.59:mss  2659:me  26.59si0%  26.59:wm | -147:0m  28.66ime  28.66:me  28.66:mm  28.66:me | -lATson  29.89:mse  29.89:mss  29.89imss  -29.89:s
204z0m  -8231ssx 231 8231ssw  823lusw | 204xm  8885:m  8885.0m  -B88Ssam  88850m | 204sw  9100sw  9100sim  9L00sw 9100w
Task CEC3
f(@orr) 2.0s0m
230s0m 165720 1652000 -1655inm 1654200 22701 22.65:sm  2268ism  22.68%sm1 24720m 24680 2470k 2472500
B09s0m  T485:ia  T64Bsue  T5.60ens  75.88:ne 97331705 9630s6s  -96.00sa75 1063651552 -10837sua  -1072951m 106375155
290504 5797sm  -57.974mm - 844dinas  BAddanas  -8444umas -99.6742 -99.67. 99,6757 9967+
3.93:0m 1998925 199,115z 405503 -188.74smu  -19020s2  -189.445amss 18921528 1922550 -193.85:ms 19303500 -192.2611800
CEC4
26443500
379594 -Lldedsiss -Lldedrisn -Lldedsisss -Lldedsisss | 379.59:im  -L1Sedsioss -LISedsmess -L15edsimsi -L1Sedrinss | -379.594im  -115edzim -L1Sedsioss -1ISedziass -L1Sedsiosm
298174xm  -182edumions -18dedinens  -1.83e3amao -1.83edima | 31099410m  26le3soms  -2.63¢ 26leduomss 26ledamsm | -330.73emm  34dedsiva o 345esiza -34dediiva
2959550 -1.64e3sessn  -1.6dedsesies -164eBresss 1.6dedsonr | -30431sne 237z 2.3Te3smom  -2.37eBsomss s 2 T4e3 s \ 274Baime 2Tde3sio
PRIME | -303.25:s2  -7.63e3susa  T86edeawa  T7ledssma  -T.74edsina | -349.60s00  -6.88e3ssma 6963130 6933 | -367.20:m0  -6.55¢3: 6853t -6.65€3ama  -6.55e3 a0
Task CECS
f(@oer) 4911010
CARCOO | -58.59:35  -878s0m 175600 ~1L70eiar  -13.0950m 91250 18240 12160 -1097aix | 58.59:m  923iiw  -1846m00  -1231em 926110
DEPF | 1829512  -94.30:2u0 94891268 95204207 1587 7xans 16297 sz -160.1Tumss7  -159.63zunn w2794 223624 2U984sssn 217962501
DESPF | -24.53 4118815050 412.834smm 41331 657.51ssm7  66139sss3s  -658.80swom  -65830zw7 | 3188saw  777.29sime -T8159:i00  TT8TBsima T77.31s1ma
PRIME | -58.62:16  -1293:2  -2586:um  -1724sam  -19.435000 1309500 2637si6  -1758sam  -1587:w | 58.62:0  -132700 2654w -17.698am  -1331iae
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Table 69: Overall results for CEC constrained tasks with 128 solutions and 100th percentile eval-
uations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

t =50 t =100 t =150
CEC 1
2.08ed1247
Metric FS st or S0 50, FS st or SO S0, FS st or SO S0,
CARCOO - - - - - - - - - - - - - - -
DEPF | -2.08¢4- 100200 1.00z0m 100200 100s0m | 208edssmor 1000 100200 1.00z0m 100:0m | -208edsisn 1002000 1002000 1.0020m 1.00z0m
DESPF | 2.08edzcr 1002000 10000 1.00z0m 10000 | 208edssi  1.00z000 100200 10000 10000 | 208edsmisr  1.00z0m 100200 1.00:0m 10000
PRIME - - - - - - - - - - - - - - -
Task CEC2
S(@ber) -1.08 00
CARCOO | 20400 9367ci0 9367w 93.67eim  -93.67:im 044Tein 944Tein  O4ATeiw 944Tiiw | 204iw 9474w 9474 | 94Tdzow  947drom
DEPF 2550w 1792 179240 -17924m  -17924m 1688508 -1688s0m  -1688s0m  -1688s0m | 1360w 2006im  -2006im  2006:m  -2006ssm
DESPF | 136102 2633z 2633zis  2633iim  -2633iim 2664125 2664155 2664 26645 1360 267dsmw  2674smss  267dsns  267T4snss
PRIME | 2.04s0m  -8499:in  -84.99:in 8499400 -84.99:in 901820 90.08:2m  90.18ram  90.08raw | 204sem  9I89rin  9189sin  9L8%rim  -9189%uin
Task CEC3
J(@oer) -2.0:0m
CARCOO | -2.06500 47752 4755 476220 47652 50841 507 508k 50840 207200 5204 5090 509w  520mn0
DEPF 303206 62345340 73 -6249amw  -62.54sm 91274 917653216 Ol 43emn | -330s03  -10372ems0  -10427smm 1039934 10372530
DESPF | -273i0s  -3286:mn  -3288:mm  -3287Temm  -3287amm 68384151 6842415 304s0n  -80.80s100  -8083si0m  -8081<is0n 80
PRIME | -34lsio  -18437se00  -18437200  -1843700m  -1843700m | 344w 173445050 -1734ss00 173445550 420s0m  -184.68:22  -184.68:2  -184.6822x
CEC4
v 26443500
CARCOO | -379.59+1m  -Lldedsmsss -Lldedsmss -Lldedsisss -Lldedsisss | -379.59:im  -L1Sedsioss -L1Sedsmess -L1Sedsmes -115edzimsi | -379.59cis  -11Sedsiess -115edsmmss -115edsimm -L1Sedsioss
DEPF | -302.23:0m  -1.58¢34 -1.58e3smi -1.58e3swmnn 3.60sma  -2.66e3s150  2.683s1m  26Te3sisa e3sima -3A0e3ime  337edioa -3.36e3s1ma
DESPF | -296.77:110 2023545760 s 2023semm  202e3nune | 308985nm  295e3smns  295e3wns  -295e3uns 5 T3edswna  -3T3e3re  373edrine -3.73e3ii00
PRIME | -340.69:ws1  -9.55¢3sis  9.56e3s10a  -9.553samn  -9.55e3sama | 34826510 -BRlediasa -882e3rames  -88ledsima  -88ledrava 8703300 8723uima  BTledama  -B.T0e3sroia
Task CECS
S(@orr) 29550
CARCOO | 5862+  4235:un  8471ewm  -564Te0m  63.645s 43424100 86834mw  5T89swm 5224w A3TTase 8153w 5836smn 4391
DEPF | -1829:e  -618.94sams 62402425005  -620.63530010  -621.4¢ 121edssns -122e3sames  -121e3uma -121e3soom “156e3sesmss -1.57e3seun
DESPF | -2182iex  -128c3uiseor  -1.28c3s1son  -1.28e3sissor  -1.28e3s1s0n L77e3sus0 1773500 -1.TTe3mn0m 1. 77e3snom 213e3ussns 2.133asss
PRIME | -58.62:30 4823 483e3siva  4.823sima  483edsisia 485e3ris  485e3rima  AB5edrima  485ediima -4.86e3+.1. 86034155

Table 70: Overall results for CEC constrained tasks with 128 solutions and 100th percentile evalu-
ations. In this case, 10% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Seps |
Task
f(@ber) -1.39ed 10808
Metric FS st or ) S0, FS St or ) S0, FS St or ) S0,
CARCOO - - - - - - - - - - - - - - -
DEPF | -13%4soss 10000 1.00£0m 1.000m 100s0m | -1.3%ds0ies  1.00z000 1.00£0m 1.00z0m 100s0m | -1.39%ds0iss  1.00s0m 1.000m 1.00z0m 1.00z0m
DESPF | -1.3%ds0ss  1.000m 1.0020m 1.00z0m 1.00s0m | -1.39%ds0ses  1.002000 1.0020m 1.00z0m 100s0m | -1.39%ds0sss  1.002000 1.00z0m 10020 100200
PRIME - - - - - - - - - - - - - - -
Task CEC
f@orr) -1.08200m
CARCOO | -1.23sum  -123lsow  -1230sow  -123lsow  -1230sow | -125:0n  -1357sm  -1357s0m  -1357s0m  -1357:0m | -125:00  -14018mem  -141850m 1418500 -14.18:0m
DEPF 126s0i  -15.68:0m  -15.68:0m  -1568s0m  -15.68s0m | -127:0m  -1639:i  -1639:  -1639:  -1639:i0 | 128w -17.23s20  -1723s200  -1723220  -172322m
DESPF | -128s0s  -17.89:2@  -17.89:2@  -17.89:@  -17.89:a | -128:0m  -1848.0s  -1848.s  -1848452s  -I848uss | -12820m  -1868mm  -1868mm  -1868mm  -1868mm
PRIME -1.341000 22774200 -23.504047 -23.084127 23214007 -1.3410m0 -23.27420 24024038 -23.59412 23484151 -1.3410m 2344420 -24.19403 23764121 23441208
Task CEC3
S(@bee) 212400
CARCOO | -336:uws  -19.50:m7 2091swn  2163swm | 336sos  -2000we  24.385w0s  2046swa  2089awss | 336z0ns  2007zaw  -24.59. 2164zwes  20.18z0m
DEPF 320500 -2.5550m 340108 3842121 3.2050m 3645071 728110 485209 -438z0m 3.2050m 33,9907 799215 5332100 40107
DESPF | -3.06:03 9,002 1691 19220 10592 -1131s0s | -32050m v 1748:se  -1390mm -13.00:2n | 320k -1285:mse -19.08:ms  -1523ism  -12.884
PRIME | 28806 274507 5485155 3.655101 411z 3365005 109410 473508 42720 3365005 397505 1945104 -5.29:00 39820
Task CEC4
J@her) 264435030
CARCOO | -327.69:115  -6.26e35im035  -6.26e32ms  -6.26e321m035  -6.26e35103s | 327.69:16  629e321ms  6.29e3z1ms 62932100 6293002 | 327.695105  -6.30e32min 6303211 -6.30e3znin -6.30e3iin
DEPF | -297.09:125  -1.97e3sem1s  -1.97e3z0m1s 309.8651506  -2.95€3swren  -2.95€3swrm  -2.953swrn  -2.95e3rws | -32394rns  3.64edswnn  -3.64edzwnn  3.64ediwmm  -3.64e3iomn
DESPF | -202.79:u3 -1.60e3sessaa  -1.63e3seman . 3072151856 Te3 1 S2edsomine  -2493si0w  -2483s1050 | 3159016 -3.04edriisa  -3.08edriva  -3.05ediima -3.04ediissa
PRIME | -327.69:16  -6.26e3:m3s  -6.26e3:m3s  -6.26e3:1m 327695006 -625e3soe  -625e3soe  625eioe  -625edioia | 327695 -6.26e3:ms0s -6.26e3:uwsn  -6.26€35umn  -6.26e3 08
Task CEC5
f(@opr) 86104
CARCOO | 27281015 -0.80s007 159013 1062000 120:00 | 2728105 -0.91sos 1.82:011 -12140m 1.09:00 | 27281015 -0.94s00s 1892011 126200
DEPF 5850 0.39:01s 07802 05202 058102 | -17.88:e0  -0.0450 -0.08:061 0.052041 005209 | 2333ea 032505 -0.63:070 0.42:08
DESPF Dise 0910w 1832120 -1.22:0m 1372000 | 2727x0is  -148zo0m 297213 -1.98209 L78z0m | 2727:0n  -168s0m 3355 223200
PRIME | -27.27:u  -098:0u 1950 13001 147z0n | 272750 -L10son 220s00 ~1.462018 132:06 | 272700 -Lldson 228s02 -1.52z01

Table 71: Overall results for CEC constrained tasks with 128 solutions and 100th percentile evalu-
ations. In this case, 20% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps t =50 t =100 t =150
Task CEC |
f(@bree) 11 Tedsnin
Metric FS sI o1 S0 50, FS sI o1 S0 50, FS st or S0 50,
CARCOO - - - 5 s - - - 3 - . . . - .
DEPF 1.00:000 1.00:000 1.00:0m 100som | -L17edsnin 100500 1.00:000 1004000 100som | -L17edsnin  100s0m 100500 1004000 1002000
DESPF 1002000 100200 100200 100som | -L17edsnin  100s0m 100200 100200 100s0m | -L17edsnin  100s0m 1.0020m 1002000 1002000
PRIME - - - - - - - - - - - - - - -
Task CEC2
f(@bee) 108000
CARCOO | -129:0m  -19.66:2e  -19.66:2n  -19.66s2e  -19.66:22 | -130s0m  2024rie  2024me  2024sie 202410 | -130som  2049s00 2049300 2049500 2049200
DEPF 125k0m  -1564s0ss  -1564s0ss  -15.64kes  -1564s0ss | -126tom  -1599k0n 15990 -1599%07 1599200 | -127sem  -1655eus  -1655:us  -1655ss  -16.55:us
DESPF | -126i0  -1697sim  -1697ci0  -16974199 169721 | -127s0m  -17.38s 1738520 -1738s2n 7.3 2s0m  -17520w  -17520w <1752
PRIME | -130som  -2043:05 2043w 204310 2043s0m | -130s0m 206902 -2069s0m  -20.69:02 130s0m  -20.78k025 20784025 -20.784025
Task CEC3
S(@bee) 205000
CARCOO | 29003 5.01ime  T283ema T35Temm | 290:m SL8lsuo  7932ewm  7858swa | 290:0m  79.20. 81495 7923w
DEPF 2785000 39.87:m0  3974smes  39.79:me | -3.02:0m 6545:m0s  6525smw  65.09:xm | 3.02:0m 7688 T7.09:07 768806
DESPF | -277:00 4130+ 4045:mm  40.72emx | 290s0m 64100 63.08z20m  62782em | 3.02:0m  73.14smn T404sn3  T3.15emn
PRIME | -270i0s  -85.09:n0  -85.09:um  85.09:cmm  -85.09:mm | -291sos 884240 884241 -B8424wns | 302 922Tase  922Tase  922Tase  922Tise
Task CEC4
fla@her) 264.43 1030
CARCOO S607  -3.97e3amn 397e3ann | 30456507 3993imin  -399e3imie  3993inie  -3.99e3imis | 30456500 400e3imn  400e3inw  4003imn  -4.00e3inw0
DEPF | -301.58:50  -2.31e3uwen  -2.31e3wmwen 2.3le3zwey | 305.77:nu  -3.053wis030 05¢3: B.05e3cemn | 32594sne  -377disun 3773z -3.77edssun -3.77edisun
DESPF | -290.73:101 -1.78e3zs00  -1.87e3zms1 1.83e3smun | 302775005 24931001 251e3sons | -31638s1es  -3.04e3ivun -32le3scon  -3.09e3msn -3.04e3rmst
PRIME | -304.56:07  -397e3snn  -3.97e3iun 3.97e3snn | 30456500 397e3swn -3.97edimus 3.97e3ssois | 30456500 3.99e3sma -3.99edima  -399eBima -3.99e3imar
Task CECS
F@her) 6752010
CARCOO - - - - - - - - = = - - - =
DEPF 0 0090 0.06:020 007s00 | -1928s1s  -0.6820m 13605  -0.90s0 082:03 | -2031s0m  -l08s0x 21510 -14dsom
DESPF s ss 189w 5261 593:sm | 2003:0s  496:em  993:mss  -6.62s9m 597w | 2031sem  S3lenu -10.62:ue  -7.08:0m
PRIME | 203102 -1.07sos  2ldsox  -ld3z0m  -161 203002 L17:rs 234k L56s0 L4l | 2031se2  -121sois 241z00  -161z0m
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Table 72: Overall results for CEC constrained tasks with 128 solutions and 100th percentile evalu-
ations. In this case, 30% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps t =50 t =100 t =150
Task CEC 1
S(@ber) 9.91e3 s
Metric FS st o1 SO 50, FS sl o1 SO S0, FS St ol SO S0,
CARCOO - - - - - - - - - N . . R - .
DEPF | -991e3simss  1.00z0m 100200 1.00:0m 100:0m | -9.91e3suoss  1.00z0m 1.00:000 1.00:0m 10000 | 991edsmmss  1.00z0m 1.00:0m 1002000 1.00:0m
DESPF | 991e3simss  1.00£0m 100200 1.00z0m 1.00s0m0 | -9.91€3sw0ss  1.001000 1002000 1002000 1002000 | -9.91e3sims  1.00s0m 1002000 100000 1.00000
PRIME - - - - - - - - 5 5 . - - - -
Task CEC2
S(®5pr) -1.080m
CARCOO | -126s0m  -1637202  -163700n  -163720m  -163750m | -126z0m 16.50= 165005 1650025 | -126s0m  -1654z02  -1654s0n 1654k -16.54102
DEPF -1.2550m 1533500 -1533s0s  -1533s0s  -1533s0m | -1.25:0m S15.6300m  -15.63s0m  -15.63t0x | 126100 1585100 158550 -15.85:01
DESPF | -126:om  -1629502  -1629:0»  -1629:0m  -162950: 126500 A6:02 1646500 -1646502 1646502 | 12600 -165l:eas  -165lsoxs  -16.5ls0xs  -1651s02s
PRIME | -126:0m 551500 1551w <155l | -126sm  -1606i0w 1606103 1606503 -1606s0% | -126s0m  -1625i03  -1625:0m  -1625t0m  -1625:0:
Task CEC3
f(@er) 2.0:0m
CARCOO | -2.06:z0m 342400 343120 2072000 4165015 415 416115 4165115 2155025 T34z 733zms 133z T34xoe
DEPF 2.62:02 4079:15 407100 2790 -S81lem -5840sm  5825im -S820us | 279:0m  -64.59:se  -6492:se  -6475ism  -64.59:sm
DESPF | -2.68:02 6611519 381641810 00z 4781 49.03:mw  484lemss  -4820enmsi | 27leom  -545leons -5597ims  55.07ima -54.52enm
PRIME | -2.65:0x 2. T2T3ss3 279:0  705mm T075mm 1075mm 7075mm | 279:0m  T306ss  1306sas 7306k 730652
Task CEC 4
S(®5pr) -264.43:030
CARCOO | -286.68:07 22035714 2.20e34m4 22035748 | -286.6820m 221e3inn | -2213imm  22ledsnm | -286.68:071 2.22e3umor | 2.22eBimss -2.22eBimon
DEPF 6.68207  -1.69e31121 1.69e3mma -1.69e3ima | -291.8820m -2 w2083 2.08€3 304755060 -2.59%3ssme -259e3ime -2.59e3ime -2.59€3
DESPF | -286.56:0s  -1.48e3ssn L48edissn  -148e3useom | -302.795uss  -1.893som -189e3sonse -1.893smen | 31687:me  249%3sime  -250e3sime  249Brima  -249e3sioe
PRIME | -286.68s071  -2.20e3474 220e3ims -220e3imss | 286.68:0m  -22le3in 221e34m3 286.6820m  221e3umn  22le3enn  22ledinm  -221e3unm
Task
f(@er) 491000
CARCOO | 1607202 -15lsom 3,020 20120m 2270 158201 31510 -2.10:025 1607502 -1.60z01 32003 2,130 -1.60:010
DEPF | -13.13:2x  -5229:mmss  -53.78:ma  -52.79mm  -53.044: 847560 8745550 -85.65s21s7 1608505 -106.1352m7 -10930sm0s 10719220 -106. 14527117
DESPF | -1608:0s  -124.7250m05 -131.155m2  -126865wmm  -127.95w03 -137.6450s -145.045300  -140.10%0% 15995025 14207432 -149.884w00s  -144.Tdsssior  -142.1945088
PRIME | -1608:02  -2.1ls03 4.2250m 281505 317505 4410m 294105 1608s0n 223500 447501 29805 2241000

Table 73: Overall results for CEC constrained tasks with 128 solutions and 100th percentile evalu-
ations. In this case, 40% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

Steps t =50 t =100 t =150
Tas CEC 1
f(@hpr) -8.10e3 1836
Metric S sI o1 S0 S0, ES st o1 SO 50, FS st or S0 S0,
CARCOO - - - - - - - - - - - - - - -
DEPF | -8.10e3smss  1.00:0m 1002000 1005000 10000 | -8.10e3sis%  1.0020m 1002000 1002000 10000 | 8.10e3zmss  1.002000 100200 1005000 100200
DESPF | -8.10c3:ussa  1.00:0m0 1002000 1.0050m 100:0m | -8.10e3suss6  1.00s0m 1000w 10000 10020m | -8.10e3susss 100500 1.00:0m 1005000 1.00s0m
PRIME - - - B s - - - - - . . . B .
Task CEC2
f(@orr) -1.0820m
CARCOO | -12lsom  -IL16soss  -IL16ts  -IL1620w  -1L16sox | -122:000  -1180siw  -1180cs0  -1180sis0  -1180sim | -122500  -1206:2  -1206525 1206025 -12.0625
DEPF A2ls0m  -ILI8ton  -1L18sm  -IL18tm  -1L18som | -12lse0 1186w -1156s0m 1156t -11S6:m | 120t -1L76:i0 10765 11765 1176510
DESPF | -12liow  -1148s0s  -1148:00  -1148s0s  -114810m 210w 1155500 -1155s0m -1 A20s0m  -1LS8s0m 1L 1158508 1158200
PRIME | -12lsom  -1133s0s  -1133ms  -1133s0s 1133205 | -121sm 1148506 -114850 1200 1153w -1153s0w  1153s0s  -1153s0u
Task CEC3
S(@hee) 20:0m
CARCOO | -2.09:00 693540 69340 693240 EXTIMN 980216 98010 -9.80:8m 20550 1128sins 112850 -1128sne 112840
DEPF 2491017 8.42403 2846583 -2847uss | 24dsom 3768470 37160s0  3758sm | 2500 3988s0m  -3978sm  -39.68100
DESPF | -2.52:0u 2138400 2158asm 2065453 | 256500 363956 3590ssm  35.76ssm | 250s01 4269530 4206mm  4153ssu
PRIME 2510 5416523 5416220 5416523 | 25Tam S18dsan  S1790s  S5L78us | 257w 53.08sam 53022 -5297san
Task CEC4
f(@orr) -264.33:02
CARCOO - - - = = B B . B B B , , N .
DEPF | -26848+13  -177.194uw -17825smes  -177.5T4mmas 17775500 | -277.6500m  -345.184unss  -34823sms2s  -346.21eseon  -345.81cunn | -283.6721536  -590494css  -595.79+cr03  -592.262emas  -590.5Lecnsa
DESPF | -273.73sna  -569.57sme1  -569.5Tswsim  -569.57uaswer  -569.57s3ser | -297.69s10m  -1.30e3umsr  -130e3swan  -130e3umiar  -130e3swar | 32282:mm  -238edinsa  -238edrisa  238eBrua -238ediiim
PRIME | -269.17:0s  477.08:ms  -A77.08:m0 47708500 47708200 | -269.17:0ss  479.57somw  479.57:om0  A79.57somm  479.57smm | 269.17:0m 480395016 480.3920m10  -480.39:0m16  -480.39s0m16
Task CECS
S(@hee) 2.9550m
CARCOO | -13.06:0  -5.545110 73921 8334105 567 756414 68201 | 1306s00  57lee  -l1420n 76l ERENS
DEPF | -1084s1m  -324.10s10106 3284621553 33068215261 515.92:2010 5 52245595 51990250 | 13065009 60503503 -627.065mm57 605115022
DESPF | -13.06:00  -74944s2m 749 842001 819.21sunes 82058 1wnss  -BI9.67+wsss 819492 | -1306200 8421653502 8435851 842,161
PRIME | -13.065009  -503.924u7 -505.49 121 51139405 -50820cmsn -507.57=0sm | 1306019 -507481ons  -512.30ss -507.50s08.11

Table 74: Overall results for CEC constrained tasks with 128 solutions
near the worst value and

In this case, 0% of the values are missing
value. Details are the same as Table 5.

and 50th percentile evaluations.
another 50% near the optimal

Steps 100
Task CEC 1
f(@orr) 2.08ed 107
Metric FS sI o1 SO 50, Fs sI o ) SO, Es sI o1 S0 S0,
CARCOO - - - = = - - - 2 = - - - 2 =
DEPF | -2.08e44im  1.00:000 1.00:000 1005000 100500 | 208edsson 1000w 1005000 1004000 100s0m | 208edssor  100s0m 1005000 1004000 1.00:0m
DESPF | -2.08¢4s0: 100200 1002000 1002000 100s00 | 208e4smi7 10020 100200 10020 100s0m | 2.08e4smi7 100500 100200 1.00:0m 1.00:0m
PRIME - - - - - - - - - - - - - - -
Task CEC2
f(@orr) -L14z00
CARCOO | 20510 -70.97sms 70972 10974mm  -70974mm | 205t  7137wm10  7137smu0  TL37emw  7137awn0 | 205:0m  7150swn  7150swi  7150sms  -7150sm5
DEPF L6920 -647dsms  64Tdsns  64Tdsms  -647dsms | -186row  -61.03sus  -6103:ue  61.03e  -61.03cust | -L87:0m st 622840 -6228sm 6228+
DESPF | -20dsom  -888lsom  -88.8leon  -888leon  -888lcom | 204t -8928:0ns 892807 -89.2820m  -892840m | -204s0m 8944075 -894dions  -89.4dions
PRIME | 204som  -1653:2is  -1653s2is  -16.53:215 s | 20k -1674- 16745 -16.7- 1674220 | 20400 -1681 -168lan  -1681uw
Task CEC3
f(@orr) 23540,
CARCOO | -396s0m 794z 1132w -932eum 3960 BS6em  -12.24s0m O52eem | 39w 877w 1254 1030506 -8.782en
DEPF -4.20+0m -4.661060 4661060 -4.66+060 -4.20£0m -4.69+070 -4.69+070 -4.69+0m0 -4.20£000 -4.70070 -4.70+070 -4.70+070 -4.70+070
DESPF | -420som  -457s0r0 457t 457 420s0m  460sm 4600 460207 | -420s0m 46l 461207 46leom  46lom
PRIME | -420sm -390 -dllsos  -400s0s 42000m 400500 422403 407205 | 420500 A0dsow 426500 Aldron  404sew
Task CEC4
S(@oer) 26443200
CARCOO | -379.59:im  -Lldedsiss -Lldedsnss -Lldedswss -Lldedswss | -379.59cim -115chtoest -115ckmest -115ekemest -115cksmest | 37959217 L1Sedsimmss  -L1Sedziesm  -L1Sedsios
DEPF | -382.8450m Lldedsisns  -Lldedsion -l1dedinos | -38284s0m  -L16edsmsm  -L16edsrson  -Ll6edsrsos  -1.16edsmso | -382.84:0m LiTedsmn  -L17edsmn  -117edswmn
DESPF -382.57+05  -1.12edinnss  -1.12edrnoss  -1.12edsmoss  -1.12edim0 382.8410m  -1.15edsiee03  -1.15edsi6103  -1.15edsi6a9n  -1.15eds100 | -382.84000 -1.1 s -1.16e4. g -1.16edxi2s
PRIME Lldedswss -Lldedsiosss -Lldedsiosss -Lldedswsss | -379.59s1m  -L1Sedriwoss -LiSedsmss -LiSedsiss -l1Sedsioss | -379.59s1m  -L1Sedsiom  -l1Sedsioss  -LISedsmass  -1.15edzinm
Task CEC5
f(@her) 10715018
CARCOO | -58.62:vw  35leow  -4d8ss  -39%sm  Allzow | 5862w  3.63:om  46deow 4070 392w | -58.62ew  367mm  469:%  4l2iow  368:0m
DEPF | -5928tam  -570to0  -570sa  -5.70s0m  -5.70:0s | 6108 -5.84x0ss 5842005 584005 | 621656 -5.95:00 595509 -5.95:005
DESPF | 67281  -840si: 8401 -840sm -840 -67.2840m 80<1m 880210 | -6728:0m  -8.94sim 894sm 894w
PRIME | -5862i1w 528t -5.30s0s  529m0  529:00 | -58.62i  -533u00 5.33is  S533i0s | 5862w -534u0s 535208 -5.34s0m
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Table 75: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 40% near the optimal
value. Details are the same as Table 5.

Steps t =50 t =100 t =150
Task CEC 1
f(@orr) 2.08e4 a7
Metric FS St o1 SO SO. FS St o1 SO SO, FS SI o1 SO SO,
CARCOO - - - - - - - - - - - - - - -
DEPF -2.08e4+a29: 1.00000 1.00=000 1.00000 1.000m -2.08ed-ra097 1.00=000 1.00:000 1.000m 1.0000m -2.08e4-£a2497 1.000m 1.000m 1.0000m0 1.00z000
DESPF 20844497 1.00-000 1.002000 1.00:000 1.00:000 -2.08e4-0497 1.00:000 1.00:000 1.00:000 1.00:000 -2.08e4-42497 1.00:000 1.00:000 1.00:000 1.00:000
PRIME - - - - - - - - - - - - - - -
Task CEC2
J(@ber) 1082000
CARCOO -2.04x0m 9428062 -94.28 062 9428062 -94.281062 -2.04x0m -94.78 063 -94.78 2063 -94.78 063 -94.78 1063 -2.042000 -94.94 2063 -94.94 1063 -94.94 1063 -94.94 1063
DEPF -1.96102 -89.28 11259 -89.284 1289 -89.28: 1219 -89.28 1209 -1.85+03 -80.7641355 -80.7641855 -80.7641855 -80.761855 -1.95+026 804641945 804641945 -80.46119.45 -80.46419.45
DESPF -2.04:0m 281062 9428062 -94.28062 -94.2¢ 2 -2.04:0m -94.7: 5 9478063 -94.78063 -94.78063 -94.94063 -94.94063 -94.94 1063 -94.94 1063
PRIME -2.04:0m 9428062 81062 -94.28062 -2.04:0m -94.78 06 9478063 9478063 -94.78 063 -2.04:000 -94.94065 -94.94 06 -94.94 106 -94.94 106
Task
S (@oer)
CARCOO 42000 -18.331267 -18.33:267 -18.33:1267 42000 -18.43:200 . -18.43:200 -18.434200 -4.20:000 -18.46+260 -18.461260
42000 -17.64125 -17.641252 -17.642252 2 -4.202000 -17.73128 -17.73+ -17.734285 -17.73 -4.20000 -17.774284 -17.774284
420200 -68.731753 -68.731753 -68.73 1753 -68.73 4753 -4.20+000 -69.0947594 -69.09:7504 -69.09:7504 -69.09:47804 -4.20+000 -69.21 47907 -69.21 47907 -69.21 47907 -69.21+79.07
-4.200m -16.531231 -16.53+231 -16.53+23 -16.53+23 -4.20£0m -16.68+235 -16.68235 -16.68+235 -16.68+235 -4.20000 -16.73:23 -16.73 -16.73423 -16.73123
-379.59+15  -1.14edrisss  -1.1dedriosss  -l1dedsiosss  -1.1dedswsss | -379.59+17  -1.15eds16ss  -1.15edsi9651  -1.15edsv6s  -1.15eds16s | -379.59175  -1.15edsr06s  -1.15edress  -1.15edxvess  -1.15edc19685
2.84:000  -8.85e3 44 -8.85e347es  -8.85: -8.85e34m4es | -382.8410m  -8.9: e -8.95€3rame  -8.95e3+479e .95e3 a3 | -382.841000  -8.99e3:usies -8.99e31as13  -8.99e3+ak1e3
32,6110 -1.00e4435: -1.00e4:3503  -1.00e4- -1.00c4-: -382.84:0m  -1.03edsasses  -1.03edsssses  -1.03edsssses  -1.03edsases | -382.84000 03e4. -1.03ed13013  -1.03ed43013
-379.59417  -1.14edsivsss  -1.14ediiossy  -l1dedsiwsss  -1.1dedsiwsss | -379.59+417  -1.15edsiss  -1.15edsi06s4  -115edswoss  -1.15edsm96s | -379.59217  -1.15eds19658 -1.15e419658  -1.15ed+10655
CECS
-8.61 018
586203 552400 675200 6072007 ¥ 565205 6912041 602500 | -58.62:  -5.69:09 626201 5702017
5884w 97017 9705117 9705117 6208507 9.94s1m 994510 -10.1ds05  -10.14z00
672050m 12955 129556 -12.95: 672150 136750 13,6755 1390w -1390kam
PRIME -58.624336 -8.50+071 -8.50+071 -8.50071 -58.624336 -8.55+072 -8.55+0m -8.57+0m -8.57+0m
Table 76: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.

In this case, 0% of the values are missing near the worst value and another 30% near

value. Details are the same as Table 5.

the optimal

Steps t =50 t =100 t =150
Task CEC |
f(@orr) 2.08ed 00
Metric FS St o1 SO 50, FS st o1 ) 50, FS st ol ) S0,
CARCOO - - - - - - - - - - - - - - -
DEPF -2.08ed 102097 1.00£000 1.002000 1.0020m 1.00£000 -2.08e4 L2497 1.002000 1.00£00m 1.00£000 1.002000 -2.08ede2197 1.00£00m 1.00£000 1.00000 1.0020m
DESPF | -208e4s0m  1.00:0m 1002000 1.00s0m 1000 | 2.08edsisr  1.00s0m 1000 1000 100500 O8edsiisn 10050 1.0020m 1005000 1.00s0m
PRIME - - - - - - - - - - - - - - -
Task CEC2
f(@orr) -1.0820m
CARCOO | -204s0m  -9383i1a 9383012 93832121 9383uiar | 204s0m  94.55:0m  9455:0ns  9455i7s  9455:0ms | 204k0w  9479:06  94T9k0ee 9479 947910
DEPF 186103 -85.72:mm  85.72+w0s  -B5.72ims  -85.72¢iem | -195:m 8302w cieu  B302eiew  B3.02bwa | -195:0  8385ise  -8385iism  -B385ise  -83.85imm
DESPF | -2.04s0m Miom 9428w 9428som  942sow | 2042w 9478som  9478i0e  94T8rem  94T8som | 20dsow  9494sm  9494i0m  9494nm  -9494s0m
PRIME | -2.04:0m Bio 9428 9428te  9428s0e | 204sm  -9478rom  9478s0e  947Brem  9478sew | 20dsew 9494 -9494s0e  9494ne  -94.94s0e
Task CEC3
S(@hee) 2.0:0m
CARCOO | -420:om 21635500  -21635:0m 216352020 2163500 | 420z0m 21748z 2174820m  2174850m 207480 | 420s0m  21785:0m 2178500  217.85:0m 2178540
DEPF -4.2010m -216.35+020 -216.354020 -216.35+020 -216.35+020 -4.20+000 -217.48:020 -217.48020 -217.48020 -217.481020 -217.85+020 -217.85402 -217.852020 -217.85+020
DESPF | -420som  -21635:0n  -21635tam 2163550 21635502 | -420:0m » 21748200 21748500 2174850 2178550 21785500 217.85;m  217.8510m
PRIME | 420s0m  -21635s0m  -21635c0x  -2163520m  -21635:0m | 4.20:0m 2174820m | 217480 -21748:0m 2178550m 2078500 -217.8520m  -21785:0m
Task CEC4
f(@orr) -264.43:0%
CARCOO | -379.59:1m  -Lldedsmsss  -Ll1dediss Lldedsmsss | 3795917 -L1Sedzisess L1Sedsiess  l1Sedsioss | 379.59i17  -L1Sedzwos LlSedsimoss -l1Sediiess -1.1Sedzies
DEPF | -38284s0m  -1.02edsasa  -1.02edsassa 102643580 -1.03ed 300 4 103edsaen -1.03edsre | 382845000 -1.04ed L0dedsaoin  -1.0dedsros  -1.0dedsasin
DESPF 242500 TAledssue  Tdledisue  Tdledisia  TAledisia 758edisaws  -7.58eBasua  T.58e3usaan e3esaer | 3828300 T.63e3ssma  T.63eBasma  T63edesam  -T.63eBisma
PRIME | -379.59:1n  -10ledsisna  -10ledsina  -10ledsisa  -1.0ledsiss S10ledsisis  -LOledsisin  -10ledsisia  -10ledsass | 379.59s1m  -10ledsass  -1.0ledsassa  -10ledsasss  -10ledsissa
Task CECS
S(@hee) 675200
CARCOO | -58.62:a: 9240w 1058w 9860 -10.09+0s 940:0m 10760 1004305 982w | -58.624 946200 108200 1009505 94Ta00
DEPF -58.624130 -16.71 1659 -16.71 4659 -16.71 4659 N -16.98654 -16.981654 -16.981651 -16.98.+ -62.731329 -17.331643 -17.33 1643 -17.33 1643 -17.33 1643
DESPF | -67.28:0m  -103.165211 10316500 -103.160m0 | -6728:0m  -107.80z207 107805207 -107.80s207  -107.802207 | -67.2810m 33 -10933emus -109.33mas 109335200
PRIME | -58.62i%  -1240:1% 12400 12400 | -58.6 24700 2470w -124Ts 1247 | -58.62u3  -12494 124900 -12494m  -12494

Table 77: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 20% near the optimal
value. Details are the same as Table 5.

Steps | t =50 | t =100 t =150
Task CEC |
f(@prr) 2.08ed im0
Metric FS st ol ) 50, FS St ol 50 S0, ES sI o1 S0 S0,
CARCOO - - - - - - - - - - - - - - -
DEPF 1.000m 1.0020m 100200 10020m | 2.08edssio  1.00s0m 100200 1002000 100500 | 2.08eds2107 1002000 1002000 1.0020m
DESPF 1.00z0m 100200 1.00:0m 10020m | -208edss9  1.00s0m 100200 1002000 10000 | -2.08eds5:57 1002000 100200 1.00z0m
PRIME - - - - - - - - - - B - - .
Task CEC2
S(@her) -10820m
CARCOO | 204:00 940805 9408505 9408205 9408t | -204s0m 9468505 9468105  94.68:0s 204z0m  9487w0ss  948Teess 9487w  9487i0ss
DEPF 187:00  -872lenwm 872 8721snm  8721inw | 200s0n  8395:mm  -8395:me 9521907 85.534nm  8553na  -85.53enam  -85.53inm
DESPF | 204100 9428100 i 9428w 9428m | 20dsom  9478ioe  9478im  94.78sue 2040w 9494s0m  9494ms  9494ie  94Idiow
PRIME | 204:0m 942810  -9428s0m 9428w 9428:0e | 20450 9478:00  9478s0m  947Bsum 204s0m  9494r0e  9494ne  9494im  -9494ra
Task CEC3
S(@oer) 20:0m
CARCOO | -287:1n  -66.99+w7 99wz | 66995 66991k | 287xim  Thdliwe  Tddliwe | T4dliwe  T4dlioe | 288:m  7763imm  T763inm  T163mmm  T7.63imm
DEPF 420s0m 21635k  21635:00  -2163520m 21635k | 420s0m  -21748s0m 217480  21748z0m 2174 420s0m 21785t 21785:0m  -217.8550m 21785502
DESPF | 420i00  -21635:020 2163550  -21635:0m 21635t | 420s0m  217.48s0m  -21748:0m  2174820m  21748:0m | -420iw  217.85:m  217.85:0m  -217.85:m  -217.8550
PRIME | 420:0m0  -21635:0m 21635100 2163550 42050 217485020 21748s0m  21748:0m 2174850 | 420som  217.8550m  217.85:am  217.85:m  217.8510m
Task CEC4
S (@orr) 264432030
CARCOO | -379.59+1m Lldedsnss  -Lldedrinss -Lldedsiss | 379595im  -LlSedsmoss -11Sedsnas -115edsisoss -11Sedriess | -379.594im  -L1Sedsinss -L1Sedsiess -1ISedzim -1.1Sedsios
DEPF | -38284.0m e -102ediing  -102ediina  -102dsin | 38284sm  -10dedsia  -10dedsisa  -1.04edsraa 38284sm  -10dediina  -10dedsasa  -10dediisa  -1.0dedsana
DESPF | -38254s0n  -9.87e3iioms  9.87edsaons  -9.8Tedisons -9.87e3ssoms | 38283200  -10ledsara -10ledsama  -1.0ledsaa 38284s0m  -1.02edsimie -102edsisia  -1.02dsima  -1.02edsinia
PRIME | -379.59:1n  -943e3sima  9dledsina  9d3e3ima  -943edrama | -379.594im  948e3ims  -9d8edsime  -9dBedrana 3795951 949edrusa 9d9edsar  9d%eB3iia  -949edsana
Task CECS
S(@oer) 491100
CARCOO | 585941  -1855:1i  -18.55:i  -18.55:m 58594 -1873nim  -I873si | -I873sim  -1873:im | -38.59:m <1879, -1879c9 187950 -18.79m
DEPF | -59.33sm  -669.00% 100 669,001 053 2291050 -68270s1m0 682705100 68270si0e 68270103 | 64391270 o 715095170 715094100 7150921700
DESPF | 6726100 2083120 2.08e3 126200 6728t0m  223e3same 223e3imes  -2233iamer  -223e3iame | -67.2810m 2283250 3irma  -2.28e3i2w
PRIME | -58.62:30  -26.594i00 26,5921 5862430 2673kie 2673w 263sam  26T3xem | -58.62 T8ein | 26T8tum | -2678iim
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Table 78: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 10% near the optimal
value. Details are the same as Table 5.

Steps | | | t =150
Task CEC 1
f(@ber) 2.08ed 107
Metric FS sI o1 50 S0, ES sI o1 S0 S0, FS sI o1 S0 S0,
CARCOO - - - = = - - - B - R . - - .
DEPF | -2.08¢4+0im 1002000 1.00:000 1005000 100500 | 208edsmio 1000w 1005000 1004000 100s0m | 208edsior  100s0m 1005000 1004000 100400
DESPF | 2.08¢dssor 1002000 1002000 1002000 100s0m | 208edssor 100200 1002000 1002000 100s0m | 208edssor 100100 1002000 1002000 100200
PRIME - - - - - - - - - - - - - - -
Task CEC2
f@er) -1.08 2000
CARCOO | -204s0m 9390155 -93.90s155 390515 9390s1ss | 204s0m 9459w 94594 9459siw  9459:iw | 204sam  948liow  948liowe  948liwe  -948liom
DEPF 196s0m  89.93:iss  89.93:nas  89.93suss  8993sias | -L87sew  84.99:wi  84.99:ww  8499imw  -84.99:wu 84.59s0s  84.59sws  84.59s0m  84.59:mss
DESPF | -20d:0m 9428100  -9428:0e  9428ne  9428re | 20w 94T8aem  9478:m  94TBam  -94T8iee 949406 9494ie  9494im  -9494ia
PRIME | 204som  -9428s0m  -9428:00  9428im  -9428s0e | -204som  9478:0m  947820m  94T8rm  -94T8sem 9494s06  9494s00  9494ue  -9494s0m
Task CEC3
S(@oer) 2.0:00
CARCOO | -2.10s0m 8691 869w 869219 240s0m -1804smn  -18.04 1804imn 1804y | 240:m 250000 25.00cm0  25.00swm  -25.005k00
DEPF -4.200m -216.35+020 -216.35:0 -216.3540 -4.20+0m -217.48+020 -217.48« -217.48+020 -4.20£000 -217.85+020 -217.85+020
DESPE | -420s0m  -21635:0m 2163550 216352020 | -4.2020m 21748202 2174820 2174820 | -4.20:000 217.855020  -217.8502
PRIME | -420s0m 21635t 21635500 21635020 | -4.20s0m 21748200 2174820m 21748500 | -4.20:0m 21785102 2178520
CEC4
26443200
379595 -Lldedsiss  -1ldedsiss Lldedsuss | 379.59rim  -LlSedriess -115edsimsi -L1Sedeisoss -IISedsmest | -379.59:im  -11Sedsmem L15eAziem  -1.15ed s
3813742m  BTSedrma  -8.75e3sun -8.75¢3:. 3826405 BBTedris  -887edrivc  -B8TeRiima  -887ediiva | -38284s0m  -892e3iiw 892eB4smer -892e3samea
38224505 -1.10eds: -1.10eds: ~1.10eds: 38279500 -1.1deds Lldedsmn  -lledsmn -Lldedemn | -38280z00  -1l6edsns -Llbedsnss -Ll6edsmss  -116edsws
379.59:15  -10ledsiss  -1.0ledsissa 10ledsisa | 3795901 -10ledsima  -10ledsims  -10ledsama  -1.0ledism | -379.59213  -10ledzine -L0ledzsna  -10ledsana  -1.0ledsina
g Cs
F@der) 2955008
CARCOO | -5862:  -88.00sws  88.00:we  -88.00sws  -88001ws | -58.62:vw  -8846sws  -88.46iwss  -8846:ws  -8846iws | -58.62:0w  -88.62:wm  88.62:0m  -88.62imm  -88.62:wm
DEPF | -58.09:2u  -4.90e3siais  -490e3siees  -4.90e3siois  4.90e3stsien 1660 49235100 492310 4.923sie 492eBrioa | -6083sam  -496e3rien  496e3rica  4.96e3sica  4.96e3sien
DESPF | -6575:x  -5.69¢3sw0as  -5.69e3sw0as  -5.69e3sumas  -5.69¢3swnzs | -6581uaw  -5.99Bsunn  -5.993sunn  -5.99diunzy -5.99%3sumnm | -658lsaw  -6.0%3smn  -6.093run -6.09dimen  -6.093sumn
PRIME | -58.62:30  -4833sime  -483e3sima  -483edeima  -483dsima | -58.62eaw  -485ediise  -485e3iivc  -A85ediima 485ediiva | -58.62em  486ediisa -486ediime  486e3iima -486e3iima

Table 79: Overall
In this case, 10% of the values are missing near the worst value and another 40% near the optimal
value. Details are the same as Table 5.

results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.

t =100
S CEC 1
f@her) -1.39%d 10108
Metric FS st o1 50 S0, FS st ol S0 S0, FS st or S0 S0,
CARCOO - - - - - - - - - - - - - - -
DEPF | -1.3%dsoss  1.0010m 1005000 1002000 100s0m | -13%dsoe8 100100 1.0020m 100200 100s0m | -13%dsose8 10000 100200 1002000 100200
DESPF | -13%dsosss  1.00s0m 1.00z0m 1002000 1.00s0m | -1.39%dsssss 1001000 1.00z0m 1.00z0m 100s0m | -1.3%dsssss 100000 100200 100200 1.0020m
PRIME - - - - - - - - - - - - - - -
Task
f(@bee)
CARCOO | -133:om  23.00:26 2310020 2300220 2310521 33s0m 233120 133500 2338220
DEPF 13350 2405505 05205 240550 2405505 | -1.33sem 2374im 133500
DESPF 134000 2427:0m  2427s0w  -2427s0m  2427+0m | -13d10m 2440403 134500
PRIME | -13dsom  -2427:0m  2427:0m  2427xm  -242Ts0m | -134s0m 24402 1341000
Task CEC3
f(@brr) 2.1250m
CARCOO | -336s00s  2470emss  247limse  2470ews  24.712ws0 24861w7  24.861w7  2486kuw  2486iuwm | 33610 2491iww  2491iww  2491iwm  2491ium
DEPF 5o -10.68210  -10.682100  -10.682104  -10.682104 1072219 1072219 -107221%  -10.72z1% o -10.74. 1074219 -10.74z19
DESPF 4o 2424rns  2424sns  2424rms  2424wns 220y 242leeu 2420ewu 242leou | -33dsom 2420sn 24205026 2420102
PRIME | -336:os  -948:im 9.48:1m 948:1m 948212 | 336500 9.55:i 9552125 9552125 9555128 | 336500 9.58:1x 958212 958212
Task CEC4
F(@rr) 264 432030
CARCOO | -327.69+1i0  -6.26¢3x105s  -6.26e3505s 62603511035 -6.26€32105s | -327.694100  -6.29e3s00  -6.29¢35i0m  -6.29€351092  -6.29e3srm02 | -327.694106  -6.30¢3suin -6.30e3x1in -6.30e3srimn -6.30¢3 i
DEPF | -382.84s0m  -1.04cdssr 104edinn  -10dedisn | -38284s0m  -Llledsmn  -Llledssn  -Llledsssn  -Llledssn | 382840  -1ldedsaas  -Lldedsazs  -Lldedsmas  -11dedsaas
DESPF | -38273:00  -9.23e3:2010 923e3s0a 923edsaoic | 3828450 99ledsina  99ledsana  99ledsana  99ledsine | -38284s0m  -10ledsane o -10ledsana  -1.0ledsaia
PRIME | -327.69:16 626351103 62635105 -6.26e3 1m0 | -327.695116  -6.29e3sm0m 62931100 -6.29e3em0n -629e3sm0m | -327.69x110  -6.30e3s1n -6.30e3sin -630e3cnin 6303110
Task CECS
S(@bre) 861101
CARCOO | 2728:01s 161010 176:00  -182:00 | 2728s0rs 166z 199z -I8lzoo  -L75:0 | 27285015 -167:um “1.82z00
DEPF | -27.27:0m 305205 305208 | -5073sma -Aldsos 4.14z0m 414208 305005 54350 543516
DESPF | -67.28:0m 105660 -10561e | -67.28s0m  -1287ei0  -12.87:00 128750 | 672850m 136216 -13.62:007
PRIME | -27.27+04 240502 240502 | 272Ts0n  242:0m 24240m 242:0m | 202Tsen 2420 242:0m

Table 80: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.
In this case, 20% of the values are missing near the worst value and another 30% near the optimal
value. Details are the same as Table 5.

Steps t =50 | t =100 | t =150
Task CEC 1
S@bee) -1L17edsnn
Metric ES sI ol S0 0., ES sI ol 50 50, FS sI ol 50 50,
CARCOO - - - - - - - - - - - - - - -
DEPF 1002000 1.00z0m 1.00z0m 1.00z0m | -117edsnm  1.00z000 1.0020m 1.00z0m 100s0m | -L17edsnn 1002000 1.00:0m 1.00z0m 1.00z0m
DESPF 1002000 1.00z0m 1.00z0m 1.00z0m | 1174 1.00z000 100000 1.00:0m 100s0m | -L17edsnn 1002000 1.00:0m 1.00z0m 1.00z0m
PRIME - - - - - - - - - - - - - - -
Task CEC2
f@ber) -1.08100
CARCOO | -1.30:000  -20.69:01s 206950 20.69:01s | -130:00  2084z0w 20840 208450 2084xon9 | -130:00  2088:0m  -2088:0m  -20.88:0m  -20.88:0:
DEPF | -130:0m  -2064x0: 206450 2064w | 129500 -2022:00 202250 202250 2022500 | -129:0m  -2020mm 202002 -2020mm  -2020:m
DESPF | -130:u0  -20.73:0 20730 2073k | 1300w -2084s0m 2084w -2084s0m 2084z | -130:0m 208820 08800 -208850m  -20.88:02
PRIME | -130s00  -20.73:0 20730 2073w | -130s0w  -2084s0m 2084w -2084s0m 2084w | -130s0m  2088x0  -2088+0m 2088w  -20.8820m
Task CEC3
F(@her) 2.0:0m
CARCOO | 2900 -86.66sas  -86.66:1s  86.665uiis 86665 | -290:0m  -8778sam  87.78:us  8778sm  8778sum | 290:0m  88.15:unm  88.05:um  8815sum  -88.05uam
DEPF | 30600 -10620c7  -10620s47  -10620447  -106.20+47 162000 11042450 110424500 110424508 1600 -11181sars  -11181sors  -11181sais 1118150
DESPF | -3.13:um  -10622:ss  -10622u50s  -106224508  -106.22s5e¢ 13200 109084706 109184700 109184706 -109.185700 13w 11016+ 110165702 -110.1657@ 11016570
PRIME | -3.02c0  -9977eus  -99.77:us  9977cus  99774us | -302:00  -10029cus 100295 -10029+1m  -100295us | 302500 1004758 -100475us 1004750 1004751
CEC4
26443500
7e3anm Tedinn  -397e3imm | -304.5610m 3993w -3993imue  -399e3imic -3993imic | 30456107  400e3innw  400e3imw  -400e3imn  -4.003in0
02edsnsz  -102edsnsm  -1.02edsnsm L10edswrs  -110edssn  -110edssm  -1.10edssons | -382.84s0m  -L13edisiw  -L13edisso  -113edioso  -1.13edios
9.56e3s0m71 -9.56e3somn  -9.56e3somn  -9.56e3 o -10Sedsioss  -1.05edsioss  -1.0Sediiosa  -1.05edsiosa | -382.8310m  -1.08ediica  -1.08ediics  -1.08ediima  -1.08edsima
3.97€3x 397e3s0n  397edrwn  397ediwn | -30456:0m 3993w -3.993iwmis  -3.99Bimis  -3.993iwis | -30456:0m  4.00e3zww  4.00e3imn  -4.00e3mm  4.00e35m0
CECS
-6.75200
37951 379sm  3T9sm  379:x | 3373ssy 460mm  A460mn  A60mx 460z | S043zwn  T13sa 7132207
3576sus  3576swss  35.76smss  -35.76:ms | 672820m  -46.06:c0r  46.06:wr  46.06zmi  46.06zwi | 67.2820m  -49.55ic i 49.55:me
251503 25100 | 251w 251w | 203leen  253ma 253w | 253w 2530w | 2030sex 253w 253mm | 2531w
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Table 81: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.
In this case, 25% of the values are missing near the worst value and another 25% near the optimal
value. Details are the same as Table 5.

Steps t =100
Tas CEC |
f(@hpr) -1.08ed 103
Metric ES sI ol ) S0, ES sI o1 SO S0, S st o1 50 S0,
CARCOO - - - - - - - - - - - - - - -
DEPF -1.08e4 410033 1.00£000 1.002000 1002000 1.00£000 -1.08e4+10033 1.002000 1002000 1.00£0m 1.002000 -1.08e4£10033 1002000 1.00£000 1.00000 1002000
DESPE | -1.08e4zuan 1000 1002000 1.00:0m 100s0m | -1.08edsw0n  1.00s000 1005000 1.00:0m 100000 | -1.08edzmn  1.00z0m 100200 1002000 1.00:0m
PRIME - - - - - - - - - - - - - - -
Task CEC2
f(@hpr) -1.080m
-1.25+006 -15.20156 -15.204562 -15.201562 -15.20156 -1.255006 -15.324568 -15.324568 -15.324568 -15.32:568 -1.251006 -15.374570 -15.3745m0 -15.374570 -15.374570
128200 -I86ls0w  -186lsxm 1861w -186lsom | -128s0  -I86lcew  -186lsow  -I86liow  -186lsow | 128t -1868:02  -I868:n  -1868xm  -18.68:0
1280w -I868s02s 186820 -1868s02s  -I868s025 | -128:00 <1879k  -1879:0  -1879a0m 1879020 | 128000 -1882s03  -I882:02  -18.82:0m  -188240:
S128:0m 186810 -1868s0:  -I868soas 1868103 | -128:0w  -1879:02  -18.79s0x  -1879:02  -1879:0 | -128tow  -1882:03  -I8.82:0  -1882s0a  -18.82s0
CEC3
20:0m
CARCOO | 216502 -4l -Mdllasss  -l4lleses  -l4dloes | 20720m  -1457smm  -1457emn 1457 14575 1729400 17294ma 172900
DEPF -2.98s013 902224 222 920sm 92224 98201 94d4lsnis 94dlion  944limas  -9441ins 951241110 W 950240 951240
DESPF | -2.99:01 4075005 O407exos  9407s0s 940708 0005 963607 9636200 9636w 9636107 9708:um  9718snaw  -9718siw  9T.18:um
PRIME | -291som  -88.55:i74  -88.55:m 88550  -88.55eim | 291com  -8900cias  -8901sins  890Leiss  8900cws | 290w 89.17wins 8907w BOMTeins  -89.17wis
Task CEC4
f(@hpr) 26443500
29540505 -306e3ss0s 306630 306e3ama  -3.06e3ss0n | 295402000 3083t 308eBasen  -308e3sen | 29540105 -3.09€3ssen  -3093isom  -3.093ssm  -3.09€3ss0n
38284s0m  -1.0leds 10ledsima  -10ledsiwn  -1.0ledsimas | -3828420m L10cdseon  -110edswn  -L10chiwn | -38284s0m  -L13edswn  -Li3edswn  -Li13edswn  -113edsirs
267000 88334 883e3sames  -B83eIuama  -8.83eIsara 283200 971c3xims  -97lc3ssos  O.71e3sama  97le3usoss | 38284500 -100cdssies  -1.00chsiies  -LO0cAsiies  -1.00chsia
540506 -306€3ss6n  -3.06e3ss0n  3.06€3asa -306e3isen | 29540:00  308e3isn  -308e3isen 30863 -308e3ison | -295.40s0m  3.093sm  -3.09e3isen  -3.093ssem  -3.093isen
17950 20940 226 222:0m  223k0m | 1799 o 229101 179950 224s0  230s0x 22Ts0n  224%0
-18.08031 -152.59+3050 -152.59+m050  -152.5943050 -152.59+3050 | -24.0811429 -153.93 13023 -153.93 43025 * -38.745n23 15572445 -155.7243043  -155.724mm4  -155.72139243
6632025 AT932cime 4793200 479.32ma 4793210 o 648281160 648281100 -64828zi0s -648.28xisics | 67283000  703.90si7ms  -703.90:17s  T0390s1ms  ~703.90s17i
1799:0m 296k 296som  296km  -296k0m | 298tom  298s0m  -298sem  298sm | -17.99:0n 298w  -298:0w  298km  -298:0m

Table 82: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.
In this case, 30% of the values are missing near the worst value and another 20% near the optimal
value. Details are the same as Table 5.

Steps t =50 t =100 t =150
Task CEC |
f@orr 9.91¢3 41035
Metric ES sI o1 SO 50, FS sI o1 SO 50, S sI o1 50 S0,
CARCOO - - - - - - - - - - - - - - -
DEPF | 991e3sms  1.0020m 1002000 1002000 100000 | 9.91e3su0ss 100200 1002000 1.0020m 10000 | 991e3simss 1002000 10020 1002000 1.00:0m
DESPE | -991e3smss  1.00z0m 1002000 1.00z0m 10000 | 991e3suwoss  1.00z0m 100000 10000 10000 | 991e3zimss  1.00z0m 10000 1002000 1.00z0m
PRIME - - - - - - - - - - - - - - -
Task CEC2
f(@orr) -1.0810m
1260w -1645t0m  -1645:0m  -1645k0m  -1645:0m | 1262w 1654k -16.5d4s0m  -1654sem  -1654im | -126t0w  -1657:0m  -1657:0m 1657 -16.5710m
126500 1644502 -1644s0m  -164450m 2620 1649405 -1649:0n 1651503 -1651s0x 1651t -1651s0x
1265000 164550n  -1645k0n  -1645s0m | 12650 1654s0n  -1654s0n | - 16,570 165750n  -1657s0m  -16.5720x
126500 1645503 -1645s0m  -1645:0m | -1.26:0m 1654s0m <1654k -1654z0m | 126:00  -165Tzm  -165Tsn  -1657s0m  -16.57s0m
CEC3
20:0m
2.1840n (1220enn -220enn 1220sux | 227wem -17.00imes  -17.00emes 17005 -17.008m0s | -227som  -1992:mse  -1992:use | <1992k 1992+
279s0m 7103k T7.03n  T103sim  T703sm | 279:m 1o TTddns  TlAdns  T14dee | 2790w T75Tsies  T15Tse  T15Tem 7157
284sou T930sen  T93lsen 793lsenw  7931sew | 284z 8L09:was  81.09swx  81.09smas  81.09:was | 284sen  8L68sie  8168zne  8L68sns  -81.68sim
PRIME | -279:0m  -77.03si  T1.03sisr 71030 T103sin | 279:m  T744eis  T1ddsin | Tlddnm  T1Maw | 27900 T15Tam T15Taw | T15Tas T15Tam
Task CEC4
f(@ber) 26443200
CARCOO | -286.68s0n  220e3smiss  220e3e7er  -220e3umss  -220e3smias | 28668+ 22ledimn  221e3smm | 22le3nm  22ledinm | 286.68s0m  -222e3ims  -222edimos | 222eBams -222e3imon
DEPF | -379.68:sss  -9.53¢3sonm  -9.53e3sencn  -9.53e3zonm  -9.53edsonon | -380.74 L06edssuas  -1.06edssun  -106edssa  -106edsswn | -380.74ssa  -1.00dssion  -1.09%dssmor  -1.00ssiosm  -1.09dsiom
DESPF | -38275:0:  -8.66e3si1c  -8.66e3cacs  -8.66e3satics  -8.663 431 | -382.8: 295563+ 9.55¢3 45060 -9.55¢3 -9.55¢3 38284500 98dedirses  -98dedraer  984eBaama  -9.8dediases
286.6820m1  2.20e3imus 2.20e3imss  220edimas 220e3imu | -286.68. 220edimse 221e3ins | 22ledinw  220edinsm | 286.68s0m  222e3imss  222edima  222edimas 2.22e3umos
S(@ore)
CARCOO | -1607+021  -325+0m 32520 3250w 325:0m | 1607w -32750m 327200 B32Ts0m  327aw | 16071 3.27x0m 32750 | 327Tsw 327200
DEPF | -22.12uns  -151.781m0 S151 784w -151. 782 | -44.824m3  -166282mx 166285 -16628smm  -166.28sm3 | 6091snm  204TLswn  20471eiwn 20471 summ 2047 Lisczss
DESPE | -6420s00  -528.1 5280621280 52816125 | 66.6821m  T034diiew  T03Miise  T034dsisen T034diisie | 6668sis  T6152eima T6152sima  T6152eima -761.52:ima
PRIME | -1608s0:  -4.534 45307 4.5320m -4.5320m 160820 4560 45620 -4.5620m 4560 | -1608s0m  -45Tsom 45Ts0m | ASTom 4.5720m

Table 83: Overall results for CEC constrained tasks with 128 solutions and 50th percentile evaluations.
In this case, 40% of the values are missing near the worst value and another 10% near the optimal
value. Details are the same as Table 5.

t =50 t =100 150
CEC |
-8.100e3 0530
ES sI o1 SO 50, ES sI o1 SO 0., FS St o1 S0 SO,
8.103sss0  1.00z0m 1002000 1002000 100z0m | -8.10e3c0ms0 1002000 1002000 1.0020m 8.103smms0 100500 1002000 1002000
8.10e35sss 1.00z0m 100200 1.00z0m 10000 | -8.10e3zis% 100200 100000 10000 810350 100500 100200 1.00z0m
CEC2
-1.0820m
122:0m 1170500 1170000 -1170se  1170s0m | -122:m  -1220os -1221ns  1220em 1220k 12, 2430w | 1243ms 12434
124005 233020 -1233en -1233ma -1233e9 | -123:es -1304ees -I3dsas -Dddess  -13.04sas 133821 -1338s  -1338ras -133841%
AA2ls0m  -1LS0s0s -1150s0s  -11S0som  -10150s0m | -L2lsow  -1LSTeon  -1157s0s <1157 -1157:0a I159s0s  -1159s0m 11890 -11.59s0
-1.2150m S1150s041 -11.50200 1150200 -11.50z00 -1.210m 1157200 1157500 -1157s0m 1157504 -1.215000 1159500 -11.59s0m  <11.59s0s -11.5904
CEC3
2.0:0m
234s0n 297dren 2974wwns  297dwwnm  2974zwm | 239:m  -3355ime  -3355:we  3355:we  33.55ime | 239:m  35.0lewm  35.00sma  35.0lsws 3501w
265:0m  -6081cum  -608lsim  608lewm  -608lsum | 265:mm  -6228nw  -6228emw  6228smwm  -6228imw | 265k:0m  6276smw  -6276imw  -6276rmw  -6276xim
2660 5827saw 5827w -5827ase0  -5827swm | 26820 -6198:is  -6198:us  -61.98iumsi  -6198ium | 26850m  -63.68swm  63.682me 6368 -63.68iim
PRIME | -257:om  -5494si  -5494sis  -5494tiss  -5494pi | 257cem  -5523ci0s  -5523s1s  5523siss -5523ies | 257w 55.33suss -5533sies  55.33miss -5533mi
Task
f(@oer) 264331020
3009836 -128e3sime  -128e3sima  128edsima  -128ediima | -31900sws  2.06e3sama  2.06e3sama  2.06e3:ama  2.06e3s2ms | 318.082wn  24Tedsomn  247e3ma  247edsama 247edsima
38273k0m  9.76edswss  9.T63russ 97603k 38283200 -1.08cdsiwo  -1.0Bedsimom -108edsimos -1.08cdsions | -38283s0m  -112edsionn -L12edsiom -LI2eAsiozo -1.12edsivn
-269.17 +08 -477.08. 4770819749 -477.0819749 -269.17 085 -479.57 19800 -479.57+oxm  -479.57 20500 -479.57 9800 -269.17 1088 -480.3910816  -480.3910516 4803919816 -480.3919816
CECS
26433500
1306:00  1146:n  1146:2n  1146zan  -1d6man | -1306zam  -1152:n 11525 115250 1306100 115422 1154 1154z 115450
37041 80678 80678z -806.T8swma  -806.78sasmas | -16.83ssn  -876.53su0m  -876.53s9mm 87653 440w 38.88205 13ledimmn  -131e3smm  -13ledsmn
46606120 2.983sime 298e3iina  298e3sima  298Baina | -67.28:0m  -43ledsie  43ledsion  -d3lediioe  -43ledsiae | 6728500 476e31760  4.T6€351m 476631170
PRIME | -13.065000  -50884suwon  -508.84:wow  -50884ssmw  -5O0884wwow | -1306:0mw 51150z -511.50sme  -51150sme  -511.50:me | -13.06100 512374m | 512370 512374
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Table 84: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 50% near the optimal
value. Details are the same as Table 5.

Steps | t t =100 t =150
Task CEC 1
f(@ber) 2.08ed 007
Metric FS SI ol SO SO, FS SI o1 SO SO, FS SI o1 SO SO,
CARCOO - - - - - - - - - - - - - - -
DEPF | -2.08edsii07  1.00:00 1002000 100500 100500 | 208edsmion  1.0020m 1005000 1002000 100s000 | 2.08edsior 100100 100000 100000 1.00:000
DESPF | 2.08edssor 1002000 1002000 1002000 100200 | 208edssior 100200 1002000 1002000 100s0m | 208edssor  100s0m 1002000 100200 1.0020m
PRIME - - - - - - - - - - - - - - -
Task CEC2
F@her) ~L14z00
20550m  T102sm0  7102:mm  T1.024me0  T102emo0 | -205:0m  7139smos  T139smes  7139kmwes  7139mes | -205:0 7152w 7152emn  T152emm -71525mm
204z0m  8190smss  -8190smes  8190smes  B190smes | 20dsom  -8146swss  81d6:ms  81d6sws  BlAbrms | 204z 8189swe  8189:me  BL89smm  -8189:we
2040w -8881son  -888lcon  -888leon  -888lson | -204som  -89.28:u5s  -8928:07s 89280 89284015 | -2.04:um 9. 89441075 8944501 89440
204s0m 1676520 -167T602n 16760 16762 | 2040w -1638 -16850n 168500 | -204:m -16.88 1688020 -16881n
CEC3
235200
420s0m  -I5.06ms  -1506ms 15065 I5.16ms | 420som 1524 -1524m 152450 | 4205w 15272 1527550 15274
420s0m 466w 466w 46620 420s0m  469mm  469:m 4.6920m | 42000 470207 470s0m  -470s0m
420s0m 45T AS5Teon 45T 420z0m  460sm A0, 46007 42000 46l A6l 4.61z0m
42050m  A42Ts0x  A2Twon | 42750 420c0m 43053 430:00  -430:0m 430203 420500 431203 4312w 43ls0x
Task CEC4
S(@oer) 2644300
CARCOO | 379.59:im -Lldedsisss -Lldedsisss -Lldedsisss -Lldedsiosss | -379.595um  -L1Sedriess -11Sedswess -L1Sedswoss -L1Sedzwmsi | 379.59zim  -L1Sedsioms -L1Sedsiw -11Sedsiess -1.1Sedsioss
DEPF | -38284s0m  -L17edsns  -1.17¢ Li7edsos  -L17edinn | -3828420m  -L1Scdsmas  -LISe: L18edsmas  -L18cAiwas | -38284s0m  -LlScdswn  -LiSedsmn  -LiSedsmm  -11Sedswn
DESPF | -38284s0m  -117edswoss  -L17cdswss  -L17edswss  -L17cdswss | -38284s0m  -L1Sedsusn  -1.18e -L18edsnn  -L18edinw | -38284s0m  -l18edsnm  -LlSedimoo -118edsmow  -118edsnm
PRIME | -379.59sin  -l.ldedswss -11dedswsss -1.ledsiosss -1.1dedsiwssy | 379.59sim  -l1Sedsisoss -lISedswsss -l1Sedsims  -115edsmoss | -379.595im  -11Sedsioss  -I.1Sedsmos -11Sedsmam  -1.15edzimm
Task CECS
H@der) 1071z
CARCOO | 58621 4720w -473;v  A73sw 47w | 5862w  476:w  476my  AT6sw  4T6snm 477:0w  ATTxw  ATTen 4770w
DEPF S0:20 608w -618:aw  608s0m 618w | 6370:m  63lam  63law 631z 6310w 638:0m 638z  -638s0 6380w
DESPF | 67280 898+ -898cis  -898sm 898w | 67280m 909w 909aw  9.09um 90921 | -672820w 912219 9.12:415 912418 912418
PRIME | -58.62:30  -532e0w  -532e0w  532a0s 5320w | 58620 -535km 535000 535:m  -535:m | S8.62um  -536km -5.36:050 536200 -53610%

Table 85: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 40% near the optimal
value. Details are the same as Table 5.

Steps t=50 t =100 t =150
Task
fl@tpp) -2.08ed 442407
Metric FS st or 50 S0, FS st or S0 S0, FS st or S0 S0,

CARCOO - - - - - - - - - - - - - - -
DEPF | 208edssor 1002000 100200 1002000 1.00s0m | 208edssen 1002000 100200 100200 1.00s0m | -2.08edss0 1002000 1.00z0m 1.00z0m 1.0020m
DESPF | -2.08edss 1002000 1002000 100500 100s0m | -208edssin  1.00z000 100500 1.00z0m 1.00s0m | -208edsii  1.00z000 1.00z0m 1.00z0m 1.00z0m
PRIME - - - - - - - - - - - - - - -

Task CEC2

fl@dpp) 1.08000

CARCOO | 2040w 9428500 42850 9428:e  9428mm | 204w 9478ie  9478:m | 9478i0m  -9478: 20400m  9494z0e  9494ne | 9494m  9494ma
DEPF 204s0m  9428soe 9428k 9428w 9428sm | 204som  9478im  9478s0e 9478 94T8iem | 204w 9494ie  9494sm  9494sm  -9494im
DESPF | 204som  -942810s  -9428:0w  9428i0  9428ie | -2040m 9478 9478i0e 9478w 94T8iew | 204iw  M9die  9494ie  9494ie  94Idiow
PRIME | -20d4:0m  -9428s  -9428s0e  9428:0m 9428 204iom  9478i0s  94T8:0s  O4.78s0e  9478ioe | 204000 -9494is  9494i0e 9494w -9494i0s
Task CEC3
f(@orr) 212500

CARCOO | 420:0m  -1833:2¢  -1833:20 183320 -18332260 | -4.20:0m (1843020 | 42050 18465200 18465200
DEPF 420s0m  -17.64 176452 -1764mm 176400 | 42050 1140 42020 11770 11TT4u
DESPF | 420s0m  -6873imn  -68.73x 6873amn  68.73ims | -420s0m 690940 | 420200 k 6920emm 6921
PRIME -4.200m -16.651237 -16.65:237 -16.65+237 -16.655237 42000 -16.741258 -16.745258 -16.74423 -16.74423 -4.20£000 -16.77£239 -16.77+239 -16.77+239
Task CEC4
f(@per) 26443200

CARCOO | -379.59s1m -114edsisns -1ldedsss -Lldedemssn -11dedsisss | -379.590im  -115edsimss -115edsimss -L1Sedimoss -11Sedsmnss | -379.59:im  -1.1Sedsrom “L15edzimm  -115edsm0m
DEPF | -382.84s0m  -896e3ssss  -8.96e3isns -8.96e3resms -8.96e3zew | -38284s0m 9.0l 90ledsen  9.0ledsema  9.0ledsona | 38284200  -9.02e3emer 9.02e3sama 9.02e3x4mer
DESPF 2.84s00  -1.03edsass  -103edssos -103edsasa  -1.03edsro | -38284s0m  -1.04edse “L0dedsiea | 3828450 -10dedsasin “L0edsrens -1.0dedsrcia
PRIME 9.5941m  -Lldedsisss -Lldedswss  -Lldedemsn  -1l4edsiss | -379.5901m  -11Sedsimest “LiSedsimsi | -379.59c7  -11Sedsime -L1Sedsimm  -11Sedsios
Task
@orr)

CARCOO | 5862+ 69920 699w 6990w 5862430 703200 7040 7040 70400 70400
DEPF | -6334sam  -1033s070  -103307  -10.33207 63831251 -10.5810m 1074505 1074507 -107ds0n  -10T4som
DESPF | -67.28:0m  -14.02e30 140257 -14.02550 67.22:015 1421500 s 142100 142700 seo 1427k 14275000
PRIME | -3862t1  -8.50:un 8505071 -8.50:071 58625330 855:0m  855:am  8.55:m 857:0m  B5Tan  BSTaem 8.5T20m

Table 86: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 30% near the optimal
value. Details are the same as Table 5.

Steps =50 t =100 t =150
Tas CEC 1
S(@hee) 2.08e4si0407
Metric FS st o1 S0 S0, FS st o1 S0 S0, FS St or 50 S0,
2.08edsmi 1.00z0m 100500 1.0050m 1000 | 208edsisr  1.00s0m 1.00:000 10000 10000 | 208edscir  1.00z0m 10000 1005000 1.00s0m
2.08cdsai  1.00z0m 1002000 1.00:0m 100c0m | -2.08¢4sior 100200 100000 1.00:0m 10000 | -208edzci7  1.00z0m 1.0f 1002000 100000
CEC2
108500
204s0m 9405501 94057 9405:035  94.05:0n | 2.04:0m 94660 946650 9466:00 | 204s0  9486:s 948650  9486:0m 9486500
2040w 9428s0m  -9428:e  9428um  9428k0m 19620 94730 94T3s0e  94T3soe  -9473i0m 1960 9198170 9198s7 919811 9198w
Odsom Biow  9428s0e  9428sem Mioe | 204zw  94T8sew  94T8:e  94TBiem  94T8sum | 204rem  9494r0e  949ds0m 99w 9494se
2040w 9428s0m  -9428:e  9428x0@  9428:0m | 204w 9478 9478s0s | 94T8sem 9478w | 204sem  9494s0e  -9494ms  -9494nm  -94.94s0m
Task CEC3
f(@orr) 2.0s0m
4205w -21635:0m  -21635:0m  2163520m 21635502 | -420:0m0  -21748s0m  -21748:0m  21748k0m  -21748:0m 217850 -21785t0m  21785%0m  -217.8550m
420s0m 216355020  21635:0m  21635:0m 2163510 | 420:0m 21748 21748200 21748500 2174850 2178550 21785500 217.85;m  217.8510m
420s0m  21635:0n  -21635:m  -216350m  2163550m | -420:0m 21748200 21748200 -21748:0m | - 21785200 21785000 21785k -217.8510m
4205w 21635:0m  21635:0m  2163520m 2163520 | 420200 21748 2174820 21748:0m | 420s00 2178550 2178550 217.85:0m  -217.85:0m
CEC4
264432000
379.59:im  -Lldedsmss  -Lldedsoss -Lldedswsss -Lldedswsss | 37959z  -LlSedswnse -11Sedswesi -L1Sedsiwass -11Sedsioss | -379.59:1m  -L1Sedsisss -L1Sedsmoss -L1Sedsiass -1.15edsmess
38284200 -1.0ded SL0Medisna  -1.04edsama -1.04eds: 38284200 -L0dedisess  -1.0dedisess  -1Odedisse  -10dedizes | -382.84s000  -10dedirws  -1.0dedisees  -LOdedisses  -1.0dediscns
38282:0m  -7.65¢3x -7.65€3+ 7.65e3z5700 382832002 77063 T.70e3ssme  T70Bssua  7.70edssve | 38283s0m  T7ledssna  TTledssua  T7ledssma 1.71e3ssna
PRIME | -379.59:1%  -10ledsisna  -1.0ledsis  -1.01eds: 379592 -l0ledsisia -1.0ledsssis  -10ledsasia  -10ledsasis | -379.5950m  -1.0ledsssss  -10ledsasss  -LOledsassa  -1.0ledsssss
Task CEC5
f(@oer) -6.751010
CARCOO | -58.62:1:  -1082:00  -10.82:00  -10.82:00  -10.825000 1089:00s 1089506 10892065 -10.89:06s | 58623 -1091s0es  -1091s0ss  -1091snss  -10.91s0es
DEPF | 626522  -176lsew 1761w 176l -17.6ls60 178803 -17.885em 178856 -17.88:6 649720 -18.1350ss  -I8.03zess  -18.03sass 181350
DESPF | -67.2810m  -109.88::5 -109.8; 109882235 -109.8821559 RITRER SULI3snss -111L13sns5s | 6728200 -1115dsmesr  -11154sms 11154000 -111.541m00
PRIME | -58.62:u6  -1240s13 124000 -1240sim  -12.4050% 12470 12470 124750 | S8.62:a 12495 -1249mm  -12495im  -1249:1m
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Table 87: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 20% near the optimal
value. Details are the same as Table 5.

Steps t=50 | t=100 | t =150
Task CEC |
f(@oer) -2.08ed07
Metric Fs St or S0 S0, FS st or 50 S0, FS st or S0 S0,
CARCOO - - - - - - - - - - - - - - -
DEPF 1.00z0m 1.00:0m 1002000 10000 | 208edsein  1.00z0m 100200 1002000 1.00s0m | -2.08edz0r 1002000 1.00z0m 1.00z0m
DESPF 1.000m 1.00:0m 1002000 10020m | 2.08edssi07  1.00s0m 1002000 1002000 100s0m | -2.08ed 52107 1002000 1002000 1.00:0m
PRIME - - - - - - - - - - - - - - -
Task CEC2
f(@prr) -1.0820m
CARCOO | 20400 9428108 28100 9428i0w 9428k | 20diw  9478rom  9478rm | 94.78iue 204i0m  9494i0m  9494ms  9494ie  94Idiow
DEPF 204:00  9428s0m  9428r0  9428s0@ 9428w | -20dz0m  9478iem  9478rom  -9478:um 2040w 9494s0m  9494:s  949die  949dsow
DESPF | -20ds00 9428100  -9428i0e  -9428k0e  9428rw | 204im 9478w 9478im  -9478um 2040w 9494sm  9494ne  9494im  -9494sa
PRIME -2.042000 94281002 428500 9428s0m  -94.28:0m -2.042000 9478500 9478r0m  -9478s0m  -9478xne -2.0420m 9494106 -9494s0e  9494me  -94.94u06
Task CEC3
f(@orr) 20800
CARCOO | 420i00  -21635:020 2163520  -21635:0m 2163550 | 420s0m  -217.4810m 2174850  2174820m  2174820m | -420i 217850  217.8520m  -217.85:0m  -217.85502
DEPF 420s0m  21635:0x 21635500  -21635:0m 21635 420s0m 21748k 207480 -217480m 420s0m  21785m0x  -217.8520m 217.8540m
DESPF | 420:0m  -21635:0m 21635t  -21635:0m  -21635:0m | -420i0  -21748:0m  -21748k0m  21748:0m 420s0m 2178500 21785500 -217.8510m
PRIME | 420i00  -21635:02 21635500  -21635:0m 2163502 | -420i0m  -217.4810m 21748100  -217.4850m 420s0m 21785t 21785:0m  -2178550m  -21785s0m
CEC4
26443200
-379.59417  -l.ldedsiwsss  -1.14edsiwsss  -lldedsiosss  -1.1dedsiosss | -379.59117  -1.15edsioess -1 dri96ss  -1.15edriess  -1.15eds9650 | -379.5917  -1.15edsr06ss  -1.15eds106x  -1.15edsiems  -1.15ed+1058
382.84s0m  -104ediima  -10dedsime  -10dedsima  -1.0dedsria 103edsama  -105edsrms  -105ehsaws  -10Sedssme | -38284s0m  -1.0Sedrasms  -103edsasm -1.05edsama  -1.05edsason
38284500 -1.03eds: 103edsama -1.03edsam | -3 L03edsawsn -103cdiiss  -103edsassa  -103edsawse | -38284som  -103ediassa -103edsasse  -1.03edsassa  -103edsassa
37959410 943¢3ua7 9d3e3nama 943e3nna | 3719590m  9d8ediina  948edsma  9dBedsama  948e3iiua | 379.59rm  9d9edrare 949e3ise  9dA9edsma  -9d9ediama
CECS
49150
585953 1870200 -1870:200  -1870s2m  -18.70:2m 59139  -1880:20  -I880:20  -1880z20  -1880:0 | -58.59ms  -1884sam 1884 1884220 -18.841am
6418420 T61.7651ms 76176+ 761765188 T61T6s1me | -643T0an 7422 TH22s0  TT42eisa TH4224ma | 661650 T816Trima  T8L67sina  T8L6Tsima -T8167+ina
DESPF | 6728100 -233c3iama  -233ediavin  -233eBiaser  -233c3iamer | -672810m 3iama  235e3iama  -235ediawes  -2.353iae | 67280 23663 -236e3same  236e3iama  -2.36e3sroa
PRIME | -58.62i3%  2659ses  -2659is0s  26.59:40s  2659:ie | -58.62e36  -2673ia0  2673iam 2673 2673ie00 | -58.62i3%  2678eam 267807 26.78is;  -26.781em

Table 88: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 0% of the values are missing near the worst value and another 10% near the optimal
value. Details are the same as Table 5.

Steps t=50 | t=100 | t =150
Task
S (@oer) 2.08e4sin407
Metric FS st or 50 S0, FS st o1 S0 S0, FS st o1 S0 S0,
CARCOO - - - - - - - - - - - - - - -
DEPF -2.08ed-La497 1.002000 1.00000 1.00000 1.00+000 -2.08e4 L2497 1.00000 1.00£000 1.00200 1.00200m -2.08e4 L2497 1.00£000 1.00+0m 1.0020m 1.0020m
DESPF | -2.08edsss 1002000 1002000 100200 1.00s0m | 208edssin  1.00z000 100500 1.00z0m 1.00s0m | 208edsiir  1.00z000 1.00z0m 1.00:0m 1.00z0m
PRIME - - - - - - - - - - - - - -
Task CEC2
S(@ber) 1082000
CARCOO | 2040 9428500 82 -94.28:0m 2040m  94T8re  94T8iue 947806 | 2040m 9494106 9494s0m  9494s0m
DEPF 204s0m  9428soe 9428w 9428w 2.0420m 7800 9478206 9478206 | 204sm  9494im 9494 9494106 9494100
DESPF | -204som  942810s 9428100 -94.28:0, 2040w 9478r0s 94T8i0m 9478106 | 204s0  9494is 94940 9Idios  9494ie
PRIME | 204som  9428r0e  -9428:0e 942820, 20450 9478sum  94T8zum 947800 | 2045w 9494r0e  949die  949dsem  9494s0e
Task CEC3
F@der) 2.0:0
CARCOO | 420s0m  -21633z02 21633021 2163320m | -42020m 217472 2074750m 21747200 | 420:0m 217.84s0m  217.84z02

DEPF 4200w 21635502 2163520 21635202 | -4200m - 2174800 21748200 | 4205w  21785:0 2 217.85502  217.85102
DESPF | 420:0m  -21635tom 216350 21635:0m | -420c0m 21748200 2174820m  2174850m | -420:0m  21785:0m  21785:0m  217.85i0m  -217.8510m
PRIME | -420:0m  -21635:0m  -2163550m 216350m | -420s0m 2174850 2174850 21748200 | 420i0m 217850 217.85:m  21785i0m 2178540
Task
S @)
CARCOO | -379.59417  -114edsisss -114cdumsss “Lldedsisss | 379592 -1.1Sedsiess ~11Sedsimmsi 379592175 edsioss  -l1Sehemem -l1Sedemams  -115e42im0m
DEPF | 3820015  -8.91e3suses  -8.91e3asns 89le3saner | 38278206 -8.963sime -8.96e3 45503 3 -382.84 2000 3 -8.98e3iswe  -B98c3uumns  -8.98c3sumes
DESPF 8280001 -L17edzion  -117edzmn SL17edzon | -38280s0m  -118edzsn -L8edssn  -118edssn | -382.80:0m L18edsses  -L18edisse  -118ediie
PRIME | -379.59:1  -10ledsssses  -10ledssass LOledsses | 37959+ -1Oledsams  -10ledssms  -10ledssms  -10ledssmos | 3795920 L0ledssno -10ledssns  -1.0ledssna
Task CECS
S(@per) 2952008
CARCOO | -58.62+3%  -8800:we  -88.00+wn  -88.00sws  -8800iwn | -58.62iiw  -8846:ws  -8846:us  -88.46:iws  -88.46:us 88.62i00  88.62:00  -88.62:mp  -88.62:ww
DEPF | -61.82 506365 5.06e3s1055 50603105 -5.06e310500 | 61981252 -5, PR 195 S5eduiem 51534100 21e3sim0 52le3nes  -52lediimn
DESPF | -66.99:07  -6.20e3xmsos -6.203zis0s  -620e3xrmsos  -6.20e3smsos | -67.27z0m  -6.32¢: 6323ses2  -632e3sesn 6323 -635e3zs 6353w 3100
PRIME | -58.62:15  4.83e3sises  -483e3iiwo  -483edsiss  -483edsime | 586213  -485e3simis  4.85e3iimes  485e3iimer 485ediimes | 5862533  -486e3iiwes  486e3sime  4.86e3iimses

Table 89: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 10% of the values are missing near the worst value and another 40% near the optimal
value. Details are the same as Table 5.

Steps | t =100 | 150
Task CEC 1
f@bee) -1.39e4 0108
Metric FS sI o1 50 S0, Fs sI ol 50 S0, FS sI ol S0 50,
CARCOO - - - - - - - - - : p , - N
DEPF | -1.39%ds0iss  1.00z0m 1.00z0m 1.00z0m 1.00s0m | -1.3%ds0is  1.00200 1.00z0m 1.00z0m 1.00s0m | -1.39%ds0068 o 1.00z0m 1.00z0m
DESPF | -1.39%dsoiss  1.00z0m 1.00z0m 1.00z0m 100s0m | -1.3%dsoiss 100200 1.00z0m 1.00z0m 1.00s0m | -1.3%d 100 0 1.00z0m 1.00z0m
PRIME - - - 5 5 - - - - - - . . - .
Task CEC2
f(@bre) -1.080m
CARCOO | -134s0m 2434003 2434200 | -134s0m P 0 | 24700 2447200 | 134k 2451000 2451200
DEPF -1.3550m 2 2547s03  254Ts0m | -134sen  25.54sem  25.54s0m  -25.54s0m 5 134500 2545k0s 2545208
DESPF 1.34100m -25.17 036 17036 -25.17 4036 001 5 5 -25.15+051 -25.15+051 -1.3400 56 -25.14:056 5. 142056
PRIME | -134som  -24.28:0m 2428i0m  242810m | -13dsom  24dlin  24dlen  244lem 244lem | -13dsew  2445:0m  2445:m  2445:m  2445:0m
Task CEC3
S(@her) -2.120m
CARCOO | -336:o0s  24.7dswss  2474emss  247dswss  24Tdwwss 2487sws 2487w 2487w 2487mws | 336zons  2490mmm  249liwe  2490mme  2491iwm
DEPF 336500 107529 107529 -10.75:m  -10.7551m 108150 -1081sie  -1081sim  -1081sim | -336s0ss 10832 10832 10830 -10.83210
DESPF | -336soss  -25.05:ass  2505:auss  -25.054mss  -25.05kames 519506 19s0  25.094um  25.09:um | 336k 2523sue  25.23sue  2523rum  2523:um
PRIME | -336ss 951y 951512 951z 95laz | 336s0s  9.57am 57412 957412 95702 | 336100 9.59:1m 959512 959412 959512
Task CEC4
flahpe) 26443050
CARCOO | -327.69:115  -6.26e351055  -6.26€3511055  -6.26€3411035  -6.26€3511035 | -327.69+116 6293100 62935100 6293109 6293100 | 327.694106  -6.30e3s1n -6.30e3sin -630e3siin -6.30e3L11111
DEPF | -38284s0m  -L17edswss  -L17edsws  -Li7edswss  -L17edsws | 38284z0m  -L1Sedsma  -L1Sedsma  -L1Sedsmar  -L18ediza | -382.84s0m  -1I8edsmss  -LI8edsmas  -LI8edsmoas  -1.18edizas
DESPF | -382.84s0m  -1.05edsiass  -1.03edsims  -1.05edisass  -1.05edsimms | -382.84s00  -1.05edsruns  -1.05edssioes  -1.05edsams  -1.03edvin | -382.84s0m  -1.05edssnes  -105edzine  -1.05edssen  -1.05edssna
PRIME | -327.69:i16  -626€3x105  -6.26e321035  -6.26e3 11035 6.26€3=1035 | -327.69416  -6.303£195  -6.30¢3 1243 6,30 6.30e3212090 | -327.69+116  -6.31e3m20  -6.31e3m020  -6.31e3m  -6.31e3 020
Task CECS
F(@ore) 861501
CARCOO | -272810is  -200:00  -200:00  200s00  -200:00 | 27285015 2022010 27285015 2.02:0m 202500 202:0m  -202:00
DEPF | -57.58412s 794518 T94xia | -5943sans 894510 -63404sm 954510 954510 954510 954510
DESPF | -67.2810m 1459550 1459450 | -67.28s0m 14865 -1486ss1s  -14.86ss1s 14865 | -67.2810m 14955510 1495550 -14955s1
PRIME | -27.27:014 24020m 240s0n | 272710 242:0m 24250m 24250m 24250m | 272Ts0u 24250m
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Table 90: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 20% of the values are missing near the worst value and another 30% near the optimal
value. Details are the same as Table 5.

Steps | =50 | t=100 | t =150
Task CEC 1
f(@bre) -1.17edsrm
Metric FS st or S0 50, S st or S0 S0, FS st or SO 50,
CARCOO - - - 5 - - - - 3 - . . ! - -
DEPF 1005000 1002000 1004000 100s0m | -L17edsnsn 1000w 1005000 1004000 100som | -L17edsnin  100s0m 100000 1002000 1002000
DESPF 1005000 1002000 100000 100s0m | -L17edsmsn 100200 1002000 1002000 100som | -L17edsnin 100s0m 1.00:000 1002000 1002000
PRIME - - - - - - - - - - - - - - -
Task CEC2
f@opr) -1.080m
CARCOO | 13100 -2110z0i  2010soss  2L10soss  21.10z0s5 | -1302000 2106205 2106105 21.06105 | -130s0m  2104s0m  21.04s0m 210440 04203
DEPF | 1350  -25.42:0%  -25.42:0% 2542403 2542503 | -135:0m  -25.59:0m 5 25.5910m  25.59i0m | -13dsom  2545:0  25.45:0m  -25.45i0m 45206
DESPF | -1.33:0  -2483:100  2483cie  2483mim  2483s | -13) 2Uddne  2d2ae  2UAue  24ddne | 133w 2429ne  2429um 24290 24294
PRIME | -130sw  -20.77:0n  -2077s0  2077son 2077201 | -13 2086508 208 20865018 208610 | -130tw  -20.89:00 2089w 2089k -20.89:0
Task 3
f(@bree) 2.0s0m
CARCOO | -3.02:0m  99.77stw  -99.77wus 9977w 99.77=u | 302200 -1002950ss 1002950 -10029%1m  -10029+ums | -3.02¢0m  -1004750s 1004760 -10047<0s  -10047 118
DEPF | -320sum  -117.66500  -117.66200s  -117.66400s  -117.66200s | -320:000  -11828s00s  -11828500s  -11828300s  -11828s00s | -320s000  -118485006  -11848s000  -11848s00  -118.482000
DESPF | -320uw  -117.66500s  -117.66500s  -117.664005  -117.662005 11828500 -118.28200  -1182800s  -118284005 | -320s0m0  -11848+00  -1184820m  -11848s0  -118.48200
PRIME | -3.02c0  -9983:2 99832 -9983:i  -9983ae | -3.02:om  -10038siw  -10038:m0 10038510 -10038si0 | -3.02cm  -10052im 1005240 -100.52eus  -100.52:1m
Task CEC4
f@ore) 26443503
CARCOO | 30456107 -397e3ann  -397edimn  -3.97e3amn  -397edimn | -30456s0m  -399e3iwmin  -3.993inie  -399edimis  -3993imie | 30456107  -400e3smm  400e3imn  4003imn  -4.00e3 im0
DEPF | -38284s0m  -117edsaoss  -L17edsmss  -L17edssoss  -117edsumas | -382.84s0m  -1.18edsma -118edsmar  -l18edimar | -38284s0m  -L18edimw  -118edimw  -118edsmw LIS
DESPF | -38283s000  -113edsine -113edsine -Li3edsina  -113edsina | 38283500  -113edsina L13edsing  -113edsing Lldedsing  -Lldedsine  -Lldediina  -11dedzina
PRIME | -304.56:07:  -3.97e3:0n  -3.97e3:nn  -397edsnn  -397edsan | 304.56:07 -4.0ledrionn 40le3zmm 4013z | 3045650 40ledson  40ledswon  -40ledswon  -40ledunn
Task CECS
f(@bree) 6752000
CARCOO - - - = : - - - 5 = - - - = =
DEPF | -48.47+0n 1224ms 12240 -1224ma | 5767ssm -lddles -l4dleae -ldleas ldlees | -6252esm -15.69+am  -15.69nn  -1569sun 1569107
DESPF | -67.28+0 54.6910m 546920 5469rwn | 6728000  -55.594ms  -55.59ims  55.50ims  -55.59smss | -6728k0m  -55.89:mm  -55.80:imss  -55.804mms  -55.894mm
PRIME | -203102 2510w 25ltew 251w | 2031se2 253 25300 | 2530w 253t | 203lwx 253k 253100 2.5320: 2.53200

Table 91: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 25% of the values are missing near the worst value and another 25% near the optimal
value. Details are the same as Table 5.

t=100 t—150
CEC 1
-108edzm
FS St ol S0 so. FS ST o 50 B FS ST o 50 0.
-1.08¢4.00: 1.00:00 10000 100100 100:010 1.00:00 100:010 1.00:0m 1.0864.00- 0051 100:010 1002 1.00z0m. 1.00:0m
108400055 100:00 100:000 L0010 100:00 100:00 1002010 100:0m 1.0864.00- 1030 1002010 1002 1.00z0m. 1.00:0m
183050 183050 “18.30z0 128 1830500 185720 1857500
2530 25.30:00 134 25162134 249614 24965100
23372 129 21.90:210 213651 2136510
187620 12850 S18.82:00 18840 18842020
870550 87,0500 87,0500 2915 8827 88.2702n 29150 8671 867 8867 88675100
11749502 11749500 117.49:0 318 T T 1177505 EXy 117.2751 117.27. 117275185 17275138
11765500 1176550 17,6500 319 117940 117.94.0 11794500 Nt 117.82:0 117.8220m 11782008 1178240
PRIME 8856 8856512 8856517 291 8930413 89,3041 89,3010 8930510 29150 8936511 -89.36. 8936510 8936510
Tsk CECH
Swoer) 2644300
30603 00 306300 e 30603005 | 2954000 308300 e | A080300iwn | A08e300ian | 29540mu  309300wn  309e300ian | A09e300an | 30963005
117e4.002 05 1704004 1174005 | -382.84:0m 18ed00:ma L1808 00sma  -1.180d.00. 3884w -L18eb00imn  -1.18ed.00. 18ed00:mn 1180400,
10440053000 - 1.0404.00: 350 2 3828400 1.054.00- 5050 10564001350 -1.0564.00.130: 38284000 1056400550 -1.05e4.00:3m11m -1.0504.00. 51100
3.0603.00- 295.40-0 30230000 3120300k -3.120300:wm | 2954000 3.11¢3.00. 313050 3110300550
CECS
58420
2290 22920 29 179900 3o ] 23150 23150m 1799500 231 230 23150m
260180 260,18 cemie . 2601850 0.1 L 26309500 263095 26300 -26309scm T34 34773 em 4T 73emm -34773emm
DESPF 67280 T8YG6 i T8IG6sisam  T8IGGmam  T8IG6riman | -6728:0 SO BOLOTeimam  BOLOTeimam  BOLOTeimew | 6728am  -8060Liimam  -BO6OLiimeam  -BO6OLiimsw  -806.01imem
PRIME 179900 296200 296500 296500 296103 1799200 298u0w 298500 29850 298500 1799200 298500 298100 298200 Beve

Table 92:

Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.

In this case, 30% of the values are missing near the worst value and another 20% near the optimal
value. Details are the same as Table 5.

Seps =m0 =100 =150
Tk CEC
S(@ore 9913 s
Meic s Bl o 50 s st or 50 s S or 50
CARCOO - - - - - - 5 . ” . .
EPr 100000 9916300, 100:00 100:0m 100:0m 9916300-ms 1000 1000 100:0m
DESPF 100:000 o1 100:000 100200 100:0m 916 000w 1000 100 100:0m,
PRIME - - - - - . 5 . .
Tk CEC2
[(@er) 10820
CARCOO 65700 16572010 T660s 16,6007 16610
EPF 2531 253110 2523u1m 252341 2504210
DESPE 2369 236950 22773 207721 200w
PRIVE 172800 1723105 1692405 169220 6820
Tusk
f(@oee)
CARCOO ETTen TTenn 32Tz EXTs EATYOm 72 182 72 1830
EPF 1101220 1083720 1083700 3070 107.63-. 107,63 4200 107,630
DESPF 11058200 108002110 108002117 30250 10601 106011100 10601100
PRIME T3t 798 77981 27920 77931 779321
Task
Hwor)
CARCOO | 286.68:0 22053000 2200300 | 286680 220600 | 220005 | 220600 | B668an | 22253000 22300 22263 Mo
DEP B1IS.cn 1540067 -1.15c400. 3816301 1 166400:20m 1604000 | 08T -L16ed00cine L1604 00 1166 N0z
DESPF | -38284.00 03e4.00- 7 ~1.03¢4.00 3828400 1 LA 00 | 3Bk 104640025 L04ed00srerm 1040400570
PRIME | 28668.07 22063004 220300im% | 2866820 2246300 224300im0 | 28668:m 223300, 22363001 3¢3.00.
Tk
f(@ore)
CARCOO | 16070 32520m 607 32720 EED 327200 1607200 3270 327200 Er
EPF | 201110 289 77w Sealenn  0ddin 2904 200 4dseme | 631l 2694 369sma  D654ua
DESPF | 672810 855762100 6671 B66TSmuwm 86675 866752 | 667414 010200 T01000am 870,102
PRIME | 160800 4320 160801 560 456 “45620m 16,0820 $Taam 45T20m 45720m
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Table 93: Overall results for CEC constrained tasks with 128 solutions and Oth percentile evaluations.
In this case, 40% of the values are missing near the worst value and another 10% near the optimal
value. Details are the same as Table 5.

=50 0 =100 0 =150
81030
7S Bl o 50 s0. B st or 50 S0, Fs Bl ol 50 S0,
0300000 10020 100:00 100:0m 100:0 100200 100:0m 100:0 100im | 810300cmn 100w 1000 100:0m 0
03000 10020 100200 100:0m 100:0m 100200 100:0m 100:0m 100im | BI0300cmn 1000w 1000 100z,
PRIME - - - E E - - E B - - -
Task

S(oue)

CARCOO TEXTre 5tam 5T 2660 266w 1273w
DEPF 251550 25,1550 25,1550 2417 241750 2261
DESPF BTy 21.6bine 21 64 1948 19480 18,3900
PRIME 1207200 1207500 121708 1190 “1190:05 11810
Tusk
S(wore)

CARCOO T 4820 54820 551 S5
DEPF 97.69.1050 97.695n1 97,695 124 96492
DESPF 94921000 949211004 94924104 93090100 p
PRIME $4941n 54941 549421 S5 564520
Tk
f(aore)

CARCOO B = B , - = = - B

EPF | 306ddiun 23 25263 ) 23300 | BASSana 28230055 286300 m 282305150 | 31981 30063004151
DESPF | 388%um -1 « T17eh00imn  -L17ek0un | 3828w -L18ed00ia 18eA00ia  -LISed00ine | 3828 -LISedO0ive  -LISed00ine 118k 00
PRIME | 260170 47708000 TT0Benw  ATI0Beme | 2690w -50068euen S0068aine  S006iw | 2690Taws  O4dlamn  494dlewn  -494dlawn
Task
f(@oree)
CARCOO 11620 [T d6ssn 306 152200 520 13,06 I35 545
EPF 22263004 e 222630213 A6 23863000 e 23863000 wim | 56.30ms 28330041 2836300000 2836300151
DESPF 5423005 1omin 5426300200 672820 55463002200 . 5543000 | 61280 55763002 55730000t 55763002
PRIME 50 508842 1306200 SULSO0we  S11S0ewns -S11SOsws 1306010 123w SI23Tawrn | S123Tamw | -S123Tie

Table 94: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the
optimal value. Details are the same as Table 5.

Steps =50 =100 =150
T GTOPX |

[ @) 1643300

Metric ¥s El or 50 S0, TS st o 50 s0. s St o 50 50,
CARCOO - . - e 5 - s - : - . 2 2 ; -

DEPF 68208 03550 02740 7680141 103050 207 FET. 125000 68015117 27010 135100
DESPE | 7680141 603310 476120 6801410 33601 671 44712 40411 768011170 684, 3430
PRIME - - = - - - 5 B - .

Task GTOPX 5

I (@ore) 6dliin
CARCOO = -

DEPF 6295ma 63295mm 000:0m 63625mn -63625mn 00000 B 6373 6373341m
DESPF 63295ewma 632952 0.0020m 636250 -636.25m 000-00 o 63733 63733 s1m
PRIME : - - 5 - . . .

T GTOPX 7

[(tee) 67034115
CARCOO 0055w 0021 13863.00. 0015
DEPF 1715 0017k -1.7165.00170s0n | 437630000 ~1.7265.00z 700
DESPF ~178e5 00z st -1.78¢5.00.1n 18265 00z 5530
PRIME 494i0 4326300 sn 4

Table 95: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps =50 =100 =150
Task GTOPX 1
Fhre) 11524500
Metric ST o 50, ¥s S0 SC ST ol 50 S0,
CARCOO 0924000 1092050 10100 11990000 7 088501 08120 g 0665010 124503 086103 067501
DEPF 047 0.941150 0.7 Liam 768014177 181 Al 2173000 7680157 24540 491 s 32730 246501
DESPF 16164005200 161k -1 161k T680Lern -1 ,\ 16364.00:meim | T6808:nn 1636 00z200m  -163¢4 0052 163040052000 163640026000
PRIME 76801417 490214 9804 13621 268010 57620 6820 69321 7680150 “6.045e 1208500 805500 6061
Task GTOPX 5
f(@bre) 256925350
CARCOO - = - 5 B 3 .
DEPF 00020 s 254400 2544 00snam 254400z mam | 000w  -2.5664.005 1k 40053000 256640050100 - 000200 25604001150 256640031500 2.56¢4.0051 5000
DESPF 00020 o 25464000 2544005 m 254eh 00z iam | 000smm  -2.5664.00e0 k00 256640051 2560400851 - 000200 256¢400:1 150 256640031500 2.56¢4. 001 500
PRIME - - - - - B - - B -
Task GTOPX 7
[re) 5683410
CARCOO 03600 028210 030: |- 01850 « 020516 20 103300z s 01650 0215 018510 0165120
DEPF -1.05€5.00: 15500 -1.05€5.00: 15550 -1.05¢5.00= 15 | L0665.00: s5c0 -1.0605.0051 1L0665.00:1xct0 -1.0605.00: 15550 | 43763005008 10665 0= sksn0 106650021560 -1.0605.00% 3850 -1.065.00: 10
DESPE 2 p 2 2455004 152500 5.0 1mmn | 43703 00-mm 2. 24605 00 s 24
PRIME 263512 17550m 1.9810 - 223500 4460 297100 268400 43763002000 25340 5060 3374w 25410

Table 96: Overall results for GTOPX unconstrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

=50 €= 100 t— 150
GTOPX 1|
86910
o 50 50, SI 50 50, Si S0,
1L09:010 099200 102400 091201 0982000 0962000 0882010 0882015
AT 47941 5395 5550 7405300 - 625 6275
Bl 8 8 Bl . 4.00- 4l - - 4 -
6175 464in 5005000 6674 602412 564 5655
Task
[rr)
CARCOO | 41264005700 109500 53964 002 i 0995000 0900 | 44964005 mm 0755001 1.50z0 1.00z015
DEPF 0.00:000 2 217¢6.00z7350m | 0.00500 219¢6.00z7mm - o [ 000:am 2 w
DESPF 0.0 2 2176 00zr5em | 0. 219600z -2 [ 00 21 w
PRIME 0384000 0. 030:010 0285010 0.0
Task
S@ore)
CARCOO | 350 83-0ma 12400 087500 096201 309302000 06450 0820
EPF 863,001 5210 288¢5.00- 1w 288650051700 2.885.00:171m | 4056300500 c 291¢500=1mem -2
DESPF | ~4.37¢3.00. 2635, 2,63¢5.00- 2635, 37¢3.00. 278500z msm -2,
PRIME | -437¢3.00. 620514 “A1dsm 466511 373,00, -5.382am
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Table 97: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps =50 t= 100 t= 150
Tusk GTOPX 1
f(@orr) 6489 a8
Metric ST or S s0. Fs S s0. Fs
CARCOO 09101 109015 098401 L0ls00 625655 0915010 085501 -60.59:4
DEPF 4T 945552 63051 7104000 7680121170 12,1420 109630 7680141
DESPF 4220400530000 42204005 150tt0 42208005 30tm 4226400 5330i00 | T680 1 42804002 42804005 etn0 | 68014
PRIME | 7680101 S S1027:0m 68550 A72sm 768,01 1036120 9355210 768011
Tusk GTOPX 5
Fhrs) 54004 om0
CARCOO | 107¢5.00= w0 102:015 Uldson | 6846400z omum 0.6900 13900 [ 0830 | 651640051 swum 0,650 13000 08750 06550
EPF 0.00500 53406.00- 1w 534660051000 | 0.00:0m 537€6.00z s 53Te6.00: 000 53760015t 5376600z | 0.0z 538060041 -5.38¢6.00:0mc0 -5.3866.001mer0 -5.3806.00- 19msr0
DESPF 0.001000 346,00 1mam 534660051000 | 0.00:010 537060021 537e600: 1m0 5376600 1mmsm 53706005 1oi0 | 0.00:am 5380600 1m0 -5.3866.00-1mmcro -5.38cb. 02 19mm
PRIME 0.004000 02240 0254020 0.0000 Olds0n 0284000 019402 0174020 0,000 (e 2Taan 01840 [
Task GTOPX 7
Fs) 2712350
CARCOO | 27955 060201 1075000 07550m [ E 0585010 10350 073500 06750 057500 0o 0720
DEPF | -4.03¢3.00-1 0 5.00- 5.00- 3.06¢5.00- 5,002 - 334300210 3346500z es00 3345 00z1m 3346500210 34505002 s 345650021 sksro 3455001 -
DESPF | 437e3.000ui  -2960500- 1mm  -2.9665.00-1msn0 -29605.00:1mam  -2.96e5.00:1 et | o 20465001 29405001 5.00-17 5.00-17 300 -2 w2 -
PRIME | 43103005 578150 i 7081 86,865 4310300150

431630001 62785150 112557200

8370

5540

3163.00: s

644215000

128842500

) -
“85.89: s

Table 98: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

€= 100 =150
GTOPX |
476910
50 S0, Fs 0. Fs St ol
073105 074505 47,6800 070z 4767500 0,600 0810
727300z mmm 728630010 76801571 832300500 | TO8OLzin 866300, 873300427000
1 52004 00zmm - 76801 5326400500 | T6801cm -5.36e4.00. 536040041 5.3
Thsss 68,0157 1516505 6801 im 27.69:00

Task
f(@orr)

088200 1106500z s50n 07020 110650027 Tl 04200

-1096T.00: 551w | 0002000 1.1067.00. 0.00. w -L10CT.00xssm
DESPF 0.00:010 10967 00z 151cm | 0002000 1.1067.005 0.00500 w1070 ssm
PRIME 0,00z s 000200 007, 0.0050m0 009:051
Tusk

Firer)
CARCOO | 151221+ 10100 0845010 820 1512250 080-0m 5122 0740 0990 08220 0Tda0m
DEPF | 43763000000 2855.00 1750 28565002170 - 4373 0050 3016500413000 | 4373 005160 3.06¢5.00: 15200 5
DESPF | 437e3.00:0m 35365004 00 -3.5365.00:10msm - 4373005000 3645001 1a100 | 43730000 o 3686500 o 3,685,004 s -3.68¢5.00-1 w0
PRIME | 4376300 i 615650 41,04 5 4370300500 3 s 468310 35.24im0

i

43763.00. 018

0.5 0

Table 99: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
the optimal value. Details are the same as Table 5.

=50 | =150
FS o 50 S0, S0, SO 50,
11470:011 0710 074i0ss 075105 066205 0681055 0570
0392 026201 2029200 12100 1910w 30
B a3 T 291 32820 3 3 EAD EXI 2w
Task
S(wdre)
CARCOO = - 5 5 5 - B
2544001 0000 S 256640051 u0m 23664005 am -2.5604.00+ 000:0m 2566400515000
DESPF 2546400200 000-00 Jam 256640051 am 236640053 uam -2.56¢4.00 000im 2560400 400515000
PRIME - - - - - - - -
Tk GTOPX 7
Slwtrr) -568.340m
CARCOO 03520 057200 [ 039200 | 967 76w 035200
DEPF 53064002700 - 53004001 e 5300400 e | 1,373,002 $264 00220 53
DESPF 5854001 5934 0011 - 593640010t -5.93¢4.00: st | -1.37¢3.0050 966400100t -5.96c:
PRIME 0,190 026500 0230 137¢3.00.5 03900

Table 100: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps =50 =100 =10

Task GToPx 1

JGors) 91

Metr s Si o 50, s v Fs s or ) 50,
CARCOO | 8493 094200 1070 099000 10l 47950 08901 845020 07820 1i7ear 0912010 07810
DEPE | 36Stun 676 13530 902200 10,1655 389.7301m 9372170 973w B2 6T 109810 8261100
DESPE | 38973mw 1090400k sam 109040021 s <1094 00srm 109400 oo | 389731 11068000 | IOT3oum  -LI0AO0L 110640 110640051 11064002 i
PRIME | 38973000 09700 1950w 30000 “Ldbiw 397310 199000 389730 1870 37507 250i10 8
Tk GTOPX 5

S@irr) 220edsmn
CARCOO | 45164001 0 [ 0990 06 | 4780400 0730m 0 0960 0870m [ 5270400 073an 36200 09700 07300
DEP 000:0r . 21760004 5w 21766 00ur50is0 217e6 0005w | 000s0m 219600k 2196600100 210 21066 0k | 000sam 219660 219660047 21966004 13s0 21966001 vk0
DESPE | 0.00:0m : 21T6600s s 2176600070 217c600000m | 000um  2196600s 0w 21966002 i -2196600u 0w 2196000 i | 000sam 2196600 219660057 1cm 219660051100 21966001 vtn
PRIME | 000 016201 03220 0210 0243055 0000 0.142030 028200 01850 [ 00000 0135010 026201 017200 01320

Tk GIoPX 7

[(@ber) a4
CARCOO 08200 [T 09300 0980 2380 079 To8 0885 085200 2380 077 1050 0872010

DEPE § g 93527 105630077 -
DESPE - 4.00- . LOS00Tm 612640 61264 00crn 612040z mam 6124 000 s | 1053000 61604 000ms 61664 0. 6166800 ime 6166400 mie
PRIME | 10530007 00200 0040 0030 003i0n | 1030008 7o 03501 3ian 0210 105¢3.00:70 0240 047200 0320 -02iam
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Table 101: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps =50 | =100 | T 150

Tas GTOPX |

S(@orr) 64.89:

Metric or 50 50, or 50
CARCOO Lo 0951012 080:010 1250 095201

DEP 16763020000 - - il 19763005 197630053 -
DESPF 1260400275000 - 127640020000 12764 00s7mam 127640027 50m w 1276007500 12764 007iam -
PRIVE 421 39500 2630 237200 S 303107

Tusk GTOPX

(@) 53942
CARCOO bz o | 099207 09020 0702007 [ 0940m

DEPF 53466.00:msm - o0 5346 00z 5,376,001 s. 5.38¢6.00.. 5386600 1man0 -
DESPF 5340600510 534060051 msm -5 34060021 s o 5376,00- 1w 537 c 5386600150 -5.3866.00 190500
PRIVE 02020 01340 01550 00810 015508 01050 009205 00750 Oldson 009205

Task GTOPX 7

[(@oee) 27688
CARCOO | 36070:0m 0690 1000 07950 060100 053 068500 065200 36070200 07820 06420

DEPF | 89106:u  -220c4005em  -2206400:00em 220640008 - 2256400251000 - 2256400:0em 22564005200 | 891062544 22764002000 22764 00s290m 227
DESPF | -891.06:1:s 4 45 - 45 - 89106540 A5Bed 0 m 43864 00szisam 45
PRIME | 891061 12801 2552 17000 89106514 “62s 2w 1941 891062500 23081

Table 102: Overall results for GTOPX constrained tasks with 128 solutions and 100th percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Steps t=50 t= 100 t= 150

Task GTOPX 1

Fher) 47,6910

Metric FS SI ol 0. St o S0 0. FS 50 0.
CARCOO | 4681520 0782000 070206 0.7200 06300 0902070 07350 0.69:04 45,6920 10720 07920 066505

pF 153764005 2670300 5cm00 2,663,005t 26603000 , 3 3050300550 | 2038302 3340300570 33363004570 333030050

DESPF 203832 54903004 7msci00 -5.4963.00.7mtsn -5.493.00- oo 568030055000 -5.693.00: 7m0 5686300450 5,683,070 | 2038302 57503004700 -5.7563.004 10100 -5.7403.00-r4ms00
PRIME | 20383.0u 091 206500 2320 23001 47950 31956 288400 203832 EER 356400 268i05

Task GTOPX 5

F@brr) L10eS. 1565
CARCOO [ 12065005 e EY 0885000 09950 [ 0815 07300 11165002 m 05850 116200 077200 0585005
DEPF 202500 1090055500 ~1L096T.00:351m  -1.09¢7.00351c500 L1067 00215 11070055 m 1107005500 | 2020 110700055 1106 00235500 -LI0T.00350 -1.10¢7. 00351500
DESPF 202 109700551500 ~1L09€T.0:3516m  -1.097.002 35150 1007002 5w -1106700s3swsm 11007005 5w | 2020 11067005355 -11007.002 55w 1106700350 -1.1007.00= 550
PRIVME 202am 136220 091s1m 10251m lddia 096217 087215 20240 073 “LéTaas 0981 07451

sk GTOPX 7

f(@oer) 149.1
CARCOO 039, 03450 03550 545 T3mmn 0305m 106 0.6200m 05400 EITRE—- 0651 155210

DEPF 350030053000 3,594 3,594 3.6764.00: 3674 3 36708000 | T8LS20en  ATTed0imm 377 0imin 3

DESPF 46804005 w00 686400 2mmitm -3,6804.0013 00 7204000 mm 4720400520 47208005000 47204 0002mm | TBLS2im  473ed00sram 473ed00uirim

PRIME 39800 265u0s 29906 25Li0w 502500 33555 3020 781520 268500 536200

Table 103: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the
optimal value. Details are the same as Table 5.

Steps 50 =100 t=150
GTOPX 1
16433000
FS St or S0 So. FS Kl or S0 so. FS St ol S0,
7680141 3894 389505 680110 3910 EXIn ETTIon XTI 76801100 39200 39100
76801417 200550 e 26801 T04en T0dssn T045n T04zan 7680101 7060 706
GTOPX 5
641
00020 6129500 6329550 0.00:000 6362521 000200
000200 632950ma 63295 0.004000 63625 000,
GTOPX 7
670341000
CARCOO | 2.04¢3.00-, 230,11 2401 ces | 2800 Ieaee 2401 Lzau XTI 1 A s .
DEPF 1700500 s 1700500417 170080041780 1706500417 “1.71e5.00. L7150 s 1715001 - .
DESPF | -43763.00:ciss  -1885.00. 1 -1 885,00 rmmcre  -188 1880 189 1896500 10300 -1 18965.00: 100300 | 4376300
PRIME | -432¢3.00:.00 104850 104821510 104850 1048in1s | 432630050 10595153 105913 10,5921 $9s0m 432630090 10622 S1062:0
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Table 104: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps t=50 =100 =150
Task GTOPX 1
I(wbre) 11524500
Metric S ST o S0 S0, or SO 50, El ol 50
CARCOO | 1210620 10581 1058151020 A0S8lima 1058l 1211240 wa A0637ien -1063Tamm -10637ima 12132400 A065Tes -1065Taes -106.8Taimss
EPF | 768,010 7380 K E 73805 26801 Td2ane 42505 T4250% 7680101 e Tddsos E
DESPE | 76801 163640050000 1636400225000 16340020 | 768,01 1636400500000 16364 0052mim0 163640205 | T68.01en -1 El - -
PRIME 76801417 S13.06:00 0610 “13.06:00 13,0600 6801 i S 13.1320m ENE 768,017 30 1315507 35
Task GTOPX S
f(@bre) 25692505
CARCOO - B .
DEPF 000200 2 2 2 2 0000 2 . 2 25 2. 2 2
DESPE 0,000 25404 002 25404005 m 25404004 mam 25404 005vran | 0.00i0m 25604 0053105 s 2560400t 25604003140 2560400 cr5cm 25604 00r1m 25604005300 -2.5604.00. 315300
PRIME - - - - - - - E - - -
Task GTOPX 7
I(@ore) 83diin
CARCOO 1805w 803w 1803w | 2400300 e 11868iwn  11868we | 1868w 1889 118890 188920
DEPF 1.0565.00 4152500 -1.0505.00413250 P 30050 1066500 4mm  -1.0665.00: 1 -1.0685.00:xest0 1.0665.00. 15400 -1.0685.00. 151510
DESPF 247¢5 0010w - s | 437¢3 00200 2486500, 2485 002 s 28¢5 0010 - 2485002 155 2.48¢5,00: 50
PRIME 60520 437300 w1 615500 615500 6.19:0 61900 6.19:01

Table 105: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps =50 =100 =150
Task GTOPX 1
[@hre) 869150
Metr Fs 50 50, S0 Fs El of 50
CARCOO | 89920 ATAATms AT 9005 s 17703510 90142000 AT9Sdcs -1T0S4kas 1TOSdems
EPF 7680141 15134000 151320 76801177 521500 768,01 107 15241000 1524 1524000
DESPF 768,01 16864005200 1686405200 | -T6801srro0 s 16964 002 e T6801in 16964005200 1696400, 16964 0025200
PRIME | 76801217 S13.385 “133812n 7680151 13582 768,01 “13.64s0n 1364 1364020
Task GTOPX S
I(wore) 220450
0920m 0920 120640050 T 08300 0830n 08050 050, 08050 080.0n
2.17¢6.00. 2.17¢6004720im0 2.1766.005730i00 | 0.001000 219660047500 21966004700 -2.1966.00 475000 - 000 2.19¢6.00:1x0em 21960057 e 2.1966.00571e000-2.1966.00.2e000
2176601 207600z m | 000:m 219600000 219¢6.00:7 ek 219¢60057 3w - 000200 2.19¢6.00. 2.19¢6.00: 31410
04210 042 0.004000 dlsan 041507 0.0, 04150 041
GTOPX 7
423435005
26637 2663Teenn | 26637wme | 3936300i 2680450 26804cwsn | 20804iwam  2680%ien | 3936300cmam 26858 26858 2685Bewa S
2936500z usi0 293500 17ksn 293¢5 00z s | A3Te305wes 2946500575500 29465 00z 75 2945008175 294500175 3002000 002175 2956500175510
4373 00:0008 28965.00: e 2895002178 -2895.00 s | 4376300150 e 2916500 7w 291€5 00z w0 291650051740 | 43763 00zuss 2915 00 1usm - 291650021 wsi0
437300508 97910 9719510 97910 91911 43730010 9B4in 98410 984i1m 4376300200 9865150 986410

Table 106: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps =50 =150
Task
S (ore)
Metric s SI o S0 SO s 50 S0. s ST o K 50,
CARCOO | 67.04.0m 4712 AT 471200 AT 120 67 1 Liaw 4790 s 4795 6720100 482900 482901 48291 482915
DEPF | 76801 28790 2879:0 287900 2879, 680150 289510 28950 76801170 2900510 290010 29005100 29.00- 000
S 6801 4300400 e 4306400210 43064 02 4306400210 | T8 OLrrn A32eh00.sr0 4326400000 | T680Lenn 433002k 433004 43364 002 v1m 4334001150t
PRIME | 768012117 1989100 198900 1989 1989 7680157 2030.0r 2030s05 768015 204350 2033 2043 204
Task
I (@orr)
CARCOO | 184k 00miven _ 083s0s [T 0830 S [ IR 00own  07han 0732010 T 0730n | 18264 055 070z 07002
EPE 00000 SHG6Mimam 560w SH6Mimmn -5 I46Mzman | 000im  SITe000soms  SITe6M0insn  SIT6Mainsm 536002 mo | 000:0m 5,386,005 350 -5.38¢6.00219m510
s 53406001 imrm 534¢600s1mene S Me6D0cimam S Me600imam | 000iow 537600 53766 00iomnm  S3Te6 0zt 5376000 | 0.00-0n 538600 1murmn -5 386,001 mer0
02430 . 024200 02410 0.00i0m 024100 024300 024100 024500 000-0 024100 024100
GIOPX 7
22w
ETTT TR — 63 8k 363 M| 3253 00-tan R T FE ST T AT 36692 36690 | 36690 36692
P 363¢5.001 1o 36 0 3636500 e 36368 00-mss | AFTE3 000w 365¢5.005s i 3.65¢5.00 ewron 36568 00s1eusro 3.6565.00: s | 316665.00- vk -3.66¢5.001 15k 3,665,001 140 -3.66¢5 00,1510
s © 305S00u 3055004 s 30565004 wiam 47300 307 307¢5.004 152000 3.07¢5.004 4376300 30765000 am 3076500411z 30765000 st 30750041
PRIME | 4316300sais  -13302imw  -13302imu  -1339%ma 13920 | A31300:s  -13462imw  -13462iaw  -13462uaw  -13462uan | A3I300iws  -I3485iwa  -1348Sumn 1348500 1348500

Table 107: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

S w0 [ESEY

Task

Sore)

Mot 7S so. 7S El 50 50.
CARCOO | 0t 107 9480 A08AIn | AR A0MTesw  0MTess 00MTesa 10907
Die | 801 : ! 65010 9356300 6801 T 9065.0-0- 5

DESPE | 76801100 538400 s 538400 s 536ed00. 68010 A0 | T6R0Lnn  SAA00- i S42640011mcn  S42680usrn 542880041
PRIME | 76801, Sdtien St 6501100 B0l | 68000 3221 32210 22liar 3221400
Task

S(@bre)
CARCOO | 490ei 00 ms 0330 (RS ETT — e e yom a7 0T
DEPE | 000 L0 00k s 1096700535 | 000100 s LIOET00s s 11067004 s 1106700 1o -LI0CT 00 ewson L 10ET 041
DESPE | 000im  LO700.cn “Lser00 000.0m 107000101100 I06T.00. 5k L1067 004 ssuam L1057 00410
PRIVE | 000.00 016207 0610 0000 Dizian 7 D170 01720 D720
Ta

Steore)
CARCOO [ L7063 005 2466300 s 2463005 | 2AG3 0 2463 00 | 1T95300- 5o R0 2500 250300 230030 | 20300 230 0
DEre 135000 31365000 v | 3136500 31365 001wt 300,00 Sises0, : S15CS00- v 3153000 | 315650001 31565011
DESPE | 4376100 0 371650001 rn 37165001 wre ATIES002 n 37165041 m | 437630011 73650001 mn | 4373 STIES00- 3736504 | 75041 373650041 ccn
PRIME | 4376300000 137300 TiTiisn | Tm . T3Then | 43700ma  TiZess Fadzisn | AT00ime  Ta2Sem  T42Seen . T42Sesn 7425

Table 108: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
the optimal value. Details are the same as Table 5.

62131

Steps =50 t—100 150
Tusk GTOPX 1
[ 1152400
Meic s st si or 50 5
CARCOO | 1208900 27823 135 281 3Ssm 2Bl 282840
DEPF | -530.5410 820 150200 450, 45120 Sl
DESPE o 20000 2.0564.00- 205e4 00215 205400520500
PRIME o 6.9 612000 6,122 e “o.ddzn
Task GTOPX 5
[{@brr) 256921
CARCOO - - - - 5 = = - 5 B =
EPF 000:00 0ssai0 2,544,003 00 00010 40050 25664000 256400s 1k 2564000 m | 000sm 2566400 5m 256640051150 2.56¢400:5m 05115010
DESPE | 0.00:00 snaw 25464005300 0000 400 2566400 256400 mkm 2.56¢h 0000k | 000cum 2566400505 256640011150 2,566,002 5m 4002
PRIME - - - - - - = - - - = B
Task GTOPX 7
Jwer) 5683450
CARCOO | 11763.00:+ T1763.00 10251 10281 o 028w 10299 z7ar 102990 1029970
EPF | -1.37¢3.00 w | L37e30 596040 5.96e4.00 5.9764.00 5970400 smtm 59764001310
DESPF | 137300 1376300 598040 5986400 " 599e4.00 5.996400:1s0i 5,994,003 e
PRIME | 1376300010 13763001010 09512 095 09651 096!
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Table 109: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

Steps t=50 t= 100 t=150
Tusk GTOPX 1
Fwirer) 8691.0n
Metric si ol 50 S0, FS ST or S0 50, ¥s sI ol 50 S0,
CARCOO | 8991206 110204000 00200 1020z 110205 89.98 072 SM0T8ewn N0T8amn 108w 110782 9002107 11098 00 1098010 098c0e 110982
EP 38973010 18.0: 180240 18,0250 18020 389,730 “18.1200m I8 12emm 181 18.124m 389730 1815 0 18155000 18,1550 18,15
DESPF | -38973iis  -109400:ism -1.0903.005 acio0 1094 001sicsm 1094005 s | 389.T3cnm 11064001 -11004004 0 11004 00ssenem 11004005 sion | 389.73cum 110400 1nem 1106400 1o 1100400k e -1.1004001 00
PRIME 38973010 449:0m 449207 44940 44910m 380,730 4561070 45610 45610% 45620 3897300 458i0n 4580 4.58a0m 45810
Task GTOPX 5
Fer) 2204705
CARCOO | 145640051 acrm 0932000 0933000 0935000 L4264 005am 089500 0892000 08900 140640021 08800 08800 088200
DEPF 0,00z 217660073000 21766.005mi00 2.1766.00:730010 000:0m 2196005000 21960070 2196600750 21966007 mt0n | 0005000 219660057500 2.19¢6.00:7 31000 21966005 1ck00 -
DESPF 0,00z 2176007300 21766.005miv0 2,176,007 3510 000200 219660057mn0 2.196.00=7 im0 21966005750 219¢600s7mi0n | 0005000 219660057500 2.19¢6.007 100 219660010k -
PRIME 0.00:0m 4. 02410 024200 0002000 023500 02 02350 02320 0.00:a00 0.23500 02320 02320
Task GTOPX 7
Fwors) 42406550
CARCOO | 59602z 1003005 v -1.0063.00:1mermn | 1003005 imeron 1006300z v | -596.025wam  101e3. 00 oo -101e3.00- e 1013005 romm 1.0163.0zumerm | 5960200 101e3.005 o 1016300z umerm | 101e3.005 im0 -101e3.00- s
DEPF | -1.05¢3.00477: 46de. 4,604 4e4.00-:. 1.05¢3.00:772 4.00-. 4.00-:. 4 4 1.0563.001775 e 467 46704.00- 400-.
DESPF | -1053.00:1 607400 -6.17eb00sseim 617400 -6.17e80050m | -1056300:17m  -6.20400iswm  -620080050un 62004 00iswn 62008002 | 1053007 62104000 -620eb00usss  621eh 00 621080050
PRIVE | -1.05¢3.00.71 07100 071500 07hans 0710 105¢3.00:150 07201 07201 072401 07201 1.0563.004710 0.72:0 07250 2i010 07201

Table 110: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value. Details are the same as Table 5.

Steps t=50 t= 100 t= 150
Task GTOPX 1
Fber) 5. 1diam
Metric Fs S0 - St or S0 s0. Fs ST S0 0.
CARCOO | 777250 6693 16693 6815cun 168152 7780 1691 iser 169 Lo 1690 Lo 169,112
EPF | 283300100 s 2883 00s - 2.9003.00:7 500 2833000 2 rem 29003004750 2.
DESPF | -283.30:1000 “1024.00: e 1026400t 2W330u00 1028 0s0w 102400 mem  -10204 004 meion 10264001 etso
PRIME | -28330uu0 39650 396:00 39640 -4 28339.000 40708 Oson 407400 40701
GTOPX 5
36364120
» 091500 [ 087200 08750 08750 08T
3,596,002, 3. 361¢6.00. 3616600212400 w
33 3596.00=, A 0.0 w
0.14z0m 014207 01350 013202 0.0050m
GTOPX 7
346,520
CARCOO | 7371 Laum 63024 | 630 2aimm 655 94 m 635941 EEAT) 657821 82
DEPF 954,35 110 300030050000 -3.0004.00.5mm410 3.0164.00. Ole J| osaas 3.0264.004 0200 400102100
DESPF | -95435.u10 45108005000 45164 00s2atem - 9543501 540 00202 05435iu0 8550 00s2m 45504001000
PRIME | 9543510 19010 190510 95435 19251 192410 954355110 19210 192210

Table 111: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps =50 t= 100 =150

Task GTOPX 1
Flprs) 648910

Metric FS St ol 0. FS ST o S0 S0,
CARCOO 67830000 6714400 68201050 682015050 -68.20-mss 68201055

DEPF 2.1003.00. 00. 21103005500

DESPF “126¢4.00, 127640017350

PRIME 6021

Task

Firer)
CARCOO | 1.2564.0052 e ‘ 065 065207 06507 SB8E3.00 1 swrn 06150 0610 06120

DEPF 0.00. 001 537¢6.00z10msm -5.37e6.00z1msm -537¢6.0051ms00 0000 5386600z msm -5
DESPF 0.00. - 5376002 1m0 -5.3766.00s1mem -537e6.005mm00 | 0.00:0m 5.386.00z1msm -
PRIME 0.00. 011500 011500 0110 0.0000 0110 Olls0m 011200

Task GTOPX 7
I(@orr) 27688+
CARCOO | 61895.mm 8548 mam 98548z 5 0912 iiman  99120-mwm | 61895imu 99309 imam 99309z | 993.00iimmnm
DEPF 89106120 228040013000 - y 220800520 22964005205k | 89106154 229400 22004002000 -2.2964.00.20ek10
DESPF | -891.06:1 45604005260 b, » -4 891062 -4 2 459640052650 459400525500 4.5
PRIME | -89106:1u 5500 38700 387220 89106040 388i0 388200 3880

Table 112: Overall results for GTOPX constrained tasks with 128 solutions and 50th percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Steps =50 t= 100 =150
Task GTOPX |
S(@oer) -47.69:001
Metric ol 50 so. ST o S0 S0, ST ol S0 0.
CARCOO | 494900 5141 514l S141imss S1984me 519817050 51980 519845 523920 523940 -52.39m50 52,390,750
EPF 203832250 38503005000 3, 38503, E) 3873, E 3 3,803,
DESPF | -20383.: 582e3 00500 -5.8263.00: 70 -5.82¢3,0057 0 585630007 5am 5853 00: 050 -5.85¢3005758m  -5.8563.0047 5200 586e3 00575 -5.8663.00:750m  -5.86¢3 00575 -5.8663.00:1 5110
PRIME | 203832 623210 6235 623510 6341 634511 634510 63420 638511 638210 63810 6385110
sk GTOPX 5
Fher) 1105 156
CARCOO | 7.616400+ e 0780 07820 078500 078500 76004 00man  0T6u0m 076 07650 07650 76104002 een 07650 076200 07650
DEPF 202 109700350 -109ET 005350 2 1100700255 -L106700s0s8sm 11007005500 | 2020 -L106700:358sm 110070055500 “11007.00: 5500
DESPE 200 L0967.00: 551 <1097 0023500 - 1007002 11067 00sssssm 11007005 s | 2020 -1106700:3smsm -11007.00 5w 1106700 4xswsmn -1.107.00-ssvr0
PRIME 20240 15025 1502250 1505 BRI “LSlizw 15120 20210 151520 1812 151i
Task GTOPX 7
S (@oer) 9.1
CARCOO | 63325.mm 81098 am 81098 1098 0ismm 75 T4rmam | B57diman | 574imam | 6325imn  87730iman  87730mmaw | BT730imam 877300
DEPF TBLS2een 3924 00i et 39264005 0mi00 3924 00srniem - 394 00z 39464 00su0sam B394 005 sein | T8IS2eem  395cH00:umeim 39504 00: o 39564005 vmestn 39500 s0rtrn
DESPF | -78152:4n  470c400:2mum 4706400570 4.706400:2m0m - T3¢ 00z AT3eA00s27am 4736400527000 474400227 AT4A D0z 47464002270
PRIME | 7815220 597z EX -5970ms 60050 60020 60100 6010 60150 “601s0m

Table 113: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 50% near the
optimal value. Details are the same as Table 5.

=50 | =100 | =150
GTOPX |
1643300
TS 0. 50 50, S 50
768015177 - 389200 e EXT Erie 768015 . 392200
76801 o 700:m 704 e 7680157 206207
GTOPX 5
64lain
000:0 63295 62295:mn  -632950m0 63295516 00050 636250mn 63625 637330 637330 637330 63733 4mm
000:0m 63295 63295uma  -63205uma  -63295.wm 0.0030m 63625mn 63625imn 7 Bamn  633Bewn 63T 3Bemn 63733 41m
GTOPX 7
670345115
47340, T30 AT3A0mn oo A58 475 8o 475 88 47669 76,6921
& 17065002 mm 17068005 mksi0 17065 00smam - 0. LTI 0017k 17150021700 1716800150 - 726500 s -1.72¢5 0021700
s 4373 B85 002 1mesen -1 885,002 mes -1.8865.00:1 s 895 001 189650010 -1 89650010 - 8965 00 mam -1 89¢5 004100
PRIME | 43263000 <1057 105720 10575 10632150 106310 106321 106550 10652120

63



Table 114: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 40% near the
optimal value. Details are the same as Table 5.

Steps =50 t=100 t=150
Task GTOPX |
f(=orr) 11524100
Metric 7S 50 50 S0, ST S0 S0,
CARCOO N BiSeesw | B2ISzesm 32T BTz BTz 33128200 2B 32w
DEPF | -768.01-1m e 7380 742 742505 742505 744 744505
DESPF | 76801177 0 -1.63¢4. 0023100 1.63¢4.00- 163640022 163 Bl - El » 5 i
PRIME | 76801177 066 1306540 RENERE “3.03sem, 3030w BENERS) BENE “13.0526m
Task GTOPX 5
Fer) 2569241
CARCOO - - - - - B > - - > B
DEPF 000.00 25464000 nam  -2.5464.0045nam 000i00  2.560400usmam 256040001 2.5664.0040 0m  2.5604.0050151m | 0005000 256040050 50m 236040010150 2566400401500 256040041 30300
DESPF 000.0m0 25464000 0am 254640045 nam 000s0m0 256040000 2,564,000 2.5604.0040160m  -2.5604.0050150m | 0005000 256040050 150m 236040010150 2560400401500 2,564,002 30300
PRIME - - - - - E - - - - -
Task GTOPX 7
Jlewper) 56834001
CARCOO | 437300 5246400, mm - 52404 00 iom | 43763001 52664001 e 5266400 1 mwrn | 5260400 s 52604001 52704 00-rem 5270400 1m | 52764005t 52764001 o0
DEPF | -437e300suer 10505004150 - 110565.00- 10 | 437300 s -1.0605.00: 1.0665.00- v -1 B 1 L Bt 10605.00: 114300
DESPF | -437¢300 s 247¢5.004 100 - 24705001050 | 437630011 -248¢5.00. 24805, 00100 a8e’ 248e 2480 2480500150300
PRIME | -43763.00 50 6,180 61840 43763.00. 008 3 62240 622400 622403 “6235m 62350 623500 623209

Table 115: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 30% near the
optimal value. Details are the same as Table 5.

Steps 50 =100 =150
Task GTOPX 1
f(@bre) 8691207
Metric ST or S0 SI o SO S0, FS ST ol 50 S0,
CARCOO 41423 1 418230z A1423umn w 31780 307630040 30763004 mman 307 00sman 30T 00irimam | 43230aws 49963 00simane 4996300, -4993.004 13m0 4.99¢3.00 130400
DEPF 1513 -151320m 15,1316 5,13 50 76801117 152150 -1521 -1521 60 152116 768,01 15241005 1524200 15241005 1524200
DESPF | 76801sm7  -1.68400.0mim -1.684.00:0mum0 -1.68¢4.00z2mam -1.68¢400z3mmim | T68.01:177 16964 0020 16964 00520 16964005200 | T6801:nn <1694 00z2mmem -1.694. 00 16964 002 -1.69¢4.00 200
PRIME 768014107 3620w 620 13,622 “13.62e2w 6801 i 370550 “1370:2m 1370020 7680150 1372w 1372 3720m 137200
Task GTOPX 5
[re) 22004 i
CARCOO 00020 0445010 04450 0445010 0.00:00 Oddzn 0450 04450 044203 0.00-0 320
DEPF 0000 217600730 21760057304 - 217¢6002730m | 000500 219¢6.00:7 2196000 s | 000-m  -21966.00-75k0 -
DESPE 0.00:0 2176600273000 i - 2176600 73em | 0000 219600 21966007 | 0000 219e6.00-
PRIME 0.00:00 04240 0. 0,003 04140 041i0n 01202 000 04150
Task GTOPX 7
Fibre) 423431000
CARCOO | 39330z mam 361 262w 56126z 1wcmn 561 265iscim 361 2651w | 393¢300-mam 56410z cam 36419, SO419cmm | S6L19m e | 3936300 mm 565 15mm  S65.15cman | SSASiewm | S65.050imm
DEPF | 437e3000cim 2936500070 2. - 2 — 37300 w2 29405004175 2 29405002175 | 4373002008 2. e 295650017500 -
DESPF | -4, 289500 s 28950041 28950041 7%am 28965005 riane | 4373000 29250081 resm 292650041700 -2.9265.00 417000 -2.9265.00. 1755 292500 7scm 29205005130 2926500517500 -2.9265.001 750
PRIME 979510 979z 14 9.79:10 979510 43730010 98419 EXe 98419 984z10 986515 98621 62150 986519

Table 116: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 20% near the
optimal value. Details are the same as Table 5.

Steps =50 I t=100 I t=150
Task GTOPX |
Fier) 6489 018
Metric S Bl ol 50 50, Fs St o 50 S0, St of 50 S0,

CARCOO | 5943200 -5.38¢3.00: e 5,383,005 wmin -5.3863.00: it -5.3863.002 st wn TA300 s T133.00 s TA33.00z1000 71363005 sit00 T3 020w T3 052000 T3 00500t 7713005200000
DEPF | -768.01-17 879000 28790 28.79:07 o 28955 289510 29,00z 1000 29.00: 1000 -29.00- 1000 -29.00: 1000
DESPF | 76801:mn 43064005000 43064005 a0 b 430640010 on 4326400800 4326400130000 0 43300550 433640030010
PRIME | 76801511 2048500 2048500 2048500 o 2059500 2059540 on 20,6305 206340 20632065 206320
Task
J(@bpp)

CARCOO | 0.0010m 040201 040201 04050 0,002 040015 04050 0.00:00 040501 [ 040501 050
DEPF 0000000 53466001 1mcm 5,346,004 1550 534060010 0005010 53706004 1500 Bl 0.00:0 5 3 4 5,386,004 1300
DESPF 0000000 53466001 1mcm 5,346,004 s 5.3406.00. 10 0001010 537¢6.001 190 4 0,002 5 s, E 5,386,004 1300
PRIME 000100 024205 024205 02410 000100 024200 02410 0.00:00 024100 02410 024100 024100
Task GTOPX 7

S(@orr) 277.23+4m

CARCOO | 4376300 -5.6064.00: s -5.6064.005 s 5600400 o | - 563640011 30000 o 5636000 e | 3703 D0-aes 5640400 e 5640005 wmsor | S64eA 00 amon 5,644 00 s
DEPF 3.63¢5.00. 1 e 36365001 5 65¢5.00- 1 s 365500 1sim 3,655,001 s | 43703 D0oawies 3660500 skt 3665005 0w 3,665,014k -3.6665.00: 18500
DESPF s 3056500 s 30565001 ssn o 307650000 30765002 xem 43763.00- 0 5 307500130300
PRIME | 431630000 1330200 1339203 3392220 134621200 -134.62 -134.6. 134620mn | 4310300 -13485-un “134.85 s 134850 13485

Table 117: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 0% of the values are missing near the worst value and another 10% near the
optimal value. Details are the same as Table 5.

Steps t—50 t—100 t—150
Task GTOPX |

f(@orr) 47694008
Metric FS

o

SI o 50 S0. ST S0 »
CARCOO | 22854 -7.2063.000mim - 836e3.00-2mam 836300520 83603005 | 4036550 912630052000 9.1263004 100 -9.126300218000 9,123,003 e
K 938630 o

6801 9333 0.0 68011 o 76801 94063 0s20cit0 9403 00:2sucin 94063 0.2k
DESPF | 76801cm  -5.384.00. 68011 > SO0 SAIed00cmm S AIeh00i i | T6801ion 5.4 54200 S 54264 0011 e
PRIME | 76801201 322610 768011 ey e 2 dsam 768012000 3249500 3249.00 3249500 3249205
Task GTOPX 5
[ (@) L1065 1500

CARCOO | 000 0671w 000:m 0680 068 06821 068z [ 0682 06821 068510 06821
DEPF 000:0m 10970015 - 000im  -LI0700s55n -LI0T00: 600 110700 swsm L1000 5wsm | 000som  -LI0CT00: 050 ~1L10cT 002550 ~L10T. 00356 -1107.00:555500
DESPF | 000am  -1097.00:sm - . 000:um  -110T.0:00cm 11067 00zsscsm -L10T0215mam 110670500 | 000sam  -110T.00z 15w 11067 0021scsm  ~1L10CT.00:15usm -1 1067 0.5
PRIME | 000200 016207 016207 01607 0160 00010 01707 01720 01720 -017:0 0000 01720 017207 -017:am
Task GTOPX 7
f@ee) 149,125

CARCOO | 4373005 2.01¢5.00. 20165 0.0 20165 00:20msn | 43763000000 20265001 20265 0.2 20265 0040 2.02¢5 001z | 4376300, 20265 00z 20265 00s0wser | 20265 005z 2026500505000
DEPF | 43763000000 -3.1365.00. 3035 00,1 3.1365.00- s | 43763001000 31665.00-1 - 4376300 316 3 31665004 10
DESPF | 437630010 -3.7165.00. TS 0001w BTS04 -3.7165.00 437630000 37365.00 1 com 373650001 0kmm 37365001 | 4376300 3.7465.00:1 3746500000 3745004000 3,745,041
PRIME | 43763000000 7373 T3 T34 TATdssn T3T3se | 43763 000w 74124550 4,120 T42asn | A3Te30ime  M425ssm 74250 74254m 74254000

Table 118: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 10% of the values are missing near the worst value and another 40% near
the optimal value. Details are the same as Table 5.

Steps =50 | =150

Task

S(@ber)

Metric ST 50 50 S0 or 50 S0
CARCOO 3026300 3,023,000 4393, 00sstm 439300055100 4853 0041 10son 4853 00ttt 4,853,005

EPF 44820 4,500 450103 4510 45120
DESPE et 4 2050400520100 205400520 20504 00:20sem  -2.05¢4.00:
PRIME 609 61242 6125 614153 6,145 614,

Task GTOPX 5

St 25692409
CARCOO - - s B 5 5 5 5

DEP! 0.0050m 000im 2566400, 2 56640021 256640051103 -2.5604. 001161 dsan | 2.56e400saisam  -2.56e4.00 3110
DESPF 0.00s0m 0005w 2560400 256640021 S6e400:31eam 25604 005115300 s 25604 001isam  -2.56e4.00 151
PRIME - - - - 5 5 - - -

Task GTOPX 7

Fworr) 56834551
CARCOO | 127630055015 2040250 205w 25 0dmen | 21514smn 2051w 2055Isaw 2155l

DEPF | -1.37¢3.00:01 -5.92¢4.00. 60364005 060340021 0364.00:1 401 601640021000 601640

DESPF | -1.37¢3.00:015 -5.95¢4.00 598640010 -5.98¢4 0015 -5.9864.003 e s -5.9964.001 e -5.994.0

PRIME | -1:373.00:015 096 E e 097515 0971 0971 0971
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Table 119: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 20% of the values are missing near the worst value and another 30% near
the optimal value. Details are the same as Table 5.

S o [ 0
Task GroPX 1

Sorr) 6910

Metric 7S ST or or 50 7S S0

CARCOO | 27990 2906leen  2906les0n 05K 3058Sime 27990 s 310860
DEPF | S8973e 1802 0 . 181200 181200 3897300 s 18,1510
DESPE | 397300 -LOSAD0- nen 109400 o - o L1000 1106001 - W73 LI06.0021 s 11004001
PRIME | w073 457 a7 0.0 “460iam T sam
Task GTOPX S

S(@orr) 220k

CARCO0 | 000w [T 00 047 047 a7 T 000 e ) T

000 21Te600ir3eun 21T : a2, 000-100 2196600570 2196600575110 21966002 sn

DESPE | 000im  2170600.0mm  217e600.7 0 - 21966001 219660 000.11 R 21966001 2196021001
PRIME | 000.0 034 24s0a 023s0n 0%3i0a 000-1m 03350 023sa 02310a

(@

CARCOO
DEPF
DESPF
PRIME

10530077 61864005 -6.18e4.00: 7400
10530000, 0T4ioss 0745015

29.00¢3. 005 -9.0063.00: 17

9.05¢3.00- meios 9050300 1mwsn -9.0563.00: et

29.05¢3.002 1m0

9.0763.00: 1t

9.07€3 005i0mem-9.0763.00: it

62164005 -6.21e40056t552
073500 0732010

6214002055
073501

621e4.00z05
073500

1.05¢3.00577
10563005730

621e400z005

0732010

6216400005 62140050055
07300 07350

Table 120: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 25% of the values are missing near the worst value and another 25% near
the optimal value. Details are the same as Table 5.

Steps =150
Task
S(@ore)
Metric 50 50, R o 50
CARCOO -1 ! 209232 3 32063004451
EPF 2.9063.00s75m -2.90¢3.00 7500 | 28339 2906300750 -2.90e3.0047570m
DESPR 102640051000 1026400510 | 28339 10240010 -1.0264.001mesm
PRIME “409:01 28339 410508 41010
Task GTOPX 5
(@ore) 3.63eds13m
CARCOO | 0.00-0m 048200 048200 0000 048200 048200
DEPF | 00020 . 36166004120 3616600412050 0.00:000 ) 361¢6.00512m -
DESPE | 000:0m 3596600 245m 361660051205 36166001205 0.002000 0 3616600, 361e600512sm 3
PRIME | 000200 Oldan 3i0n 013:0n 000:0m 01320 1ian
Task GTOPX 7
I@oee) 346.52:00
CARCOO | 884165010 81663 00z mim 81663005 meri0 82063 005z 82063 0052mem | 884162000 822630020 822630020 82263 00z 82263 00:znei
DEPF | 95435 30064 4 30le4 30led 301ed, 95 ot 30264002101 7 3004
DESPF | 95435531 4.51e4.00= 4516400 4540400 4540400 4 E 55¢4.00- -
PRIME | 9543500 -193.1s 1931w 193510 193 193 19310 1935w 193510 19351a

Table 121: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 30% of the values are missing near the worst value and another 20% near
the optimal value. Details are the same as Table 5.

Steps t=50 t=150
Task
f(@bre)
Metric FS ST 50 S0,/
CARCOO | -17340:00 1689951015 173595 735901
DEPF 5. 2.1063.00:1 55300 s 2016300505 -2.1163.004555500
ESPF -1.2664.005710 v 1274 00rmam -1.27e400505am
PRIME 56402 568513 2
Task GTOPX 5
S@bee) 5395w
CARCOO | 0000w 49501 4810 04810 0,000 04810 04810
DEPF 0.00:0m  -5.3466.00: 190500 -5.3766.00. 53766005105 -5.376.00 1500 0.00-0 38e6.00:1mem  -5.38¢6.004 7m0
DESPF 000:z0m  -5.34¢6.00: 19ws00 53766005 1msm -5.37e6.00:1msm 5,376,001 500 0.00:0m 38600z 1msm  -5.38¢6.00:15m500
PRIME | 000200 012205 Ol Olsax 0.00-0 Ollan Ollan
Task GTOPX 7
S(@ore) 2768850
CARCOO | -750.83 883,001 1sern 8986300 1meim 0.0263.00 i 9.0263.00 e 9.0263.00 4 tmwin9.02¢3.00 1 meire 0.0463.00- vcirn | 9.0463.00 comim-9.04€3.00 1omicn
DEPF | -891 2.2864.00: 22864.00: 2.2964.00: 200400 2.2964.002:: 229¢4.00: 2. - 2 g
DESPF | -89106:1 45940052000 459400520500 460640052 uetm 460640052 esn 460400 20t 4606400 266810 4606400 200ei0 4606400520t -4.60¢4.00 26t0n
PRIME | -891.06::x 39120 39120 39052 390 3.90:2w 3.90:20 89106534 39052 390i2 390:20

Table 122: Overall results for GTOPX constrained tasks with 128 solutions and Oth percentile
evaluations. In this case, 40% of the values are missing near the worst value and another 10% near
the optimal value. Details are the same as Table 5.

Steps =50 =150
Task
f(@er)

Fs ol S0,

CARCOO | -12 10863002 s - 20263 00sumsc0 2023 00ssn 2,023 004

203, ) 3853 00z450m 388e300z00m 38863 00s0mam 3,883 00zamm
DESPE | 20383 58263005700 - -5.86¢3.004750  -5.86¢3.0047555m  -5.8663.00875%310
PRIME | 20383120 “638:010 6435010 64351
Task

S (@ber)

CARCOO | 202200 00420 0040 00300 0030 202000 003200 00350 003000
DEPF | 2 ) L09T00:5sm - 11067002 1106700535500 202:00 L1067.005:50sm  -L1067.00z350s00 ~1.10¢7.0055500
DESPF s -1.0967.00. 1106700, 1106700455050 - 20240 L1067.004 5sm  -11067.004s5m -1.10¢7,00155500
PRIME 1502 -5 [ 202:0m -5 1515 15120
Task GTOPX 7
S(@bre) -149.12:007

CARCOO 643 00520 16363.00:200 | 1.63¢3.00:255m 1,633 0052w | 1636300 16363.00:2sam 1.63¢3.00255100

392640050000 E 3940400510000 -394e4.00:105m 3944005 105tt0 | - 3956400510 395e4.00:10m -3.95¢4.00.10si00

DESPE | 7815200 o 5180400505 4.9664.00-+ i 4:9604.00- 4002 20e4 i 52004

PRIME | 7815520 5972010 5972010 “6.00-0 60020 “6.00:0 6.00z05 - 6010 6010 6010
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